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new 
common cold therapy 


... without drowsiness 


Early treatment with Thephorin-AC tablets 
will frequently abort or relieve the 
common cold with little likelihood of 
drowsiness. Thephorin-AC is therefore 

of particular value to motorists, machine 
operators and ambulatory patients who 
must remain alert. It combines the 
antihistaminie effect of Thephorin with the 
action of acetophenetidin, acetylsalicylic 
acid and caffeine. In over 2,000 attacks 

of the common cold, Brewster* found that 
Thephorin “is effective ... and will 


abort a high percentage of the attacks.” 


HOFFMANN-LA ROCHE INC e NUTLEY 10 ¢N, J, 


Thephorin-AC 


tablets 


*]. M. Brewster, [n Press 


(Thephorin—brand of phenindamine) 
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‘Roche’ 


ANEROID 
PNEUMO 


Descriptive Literature and Reprints are Available 


HIS is a simplified apparatus for pneumothorax or other proce- 
dures requiring the introduction of measured amounts of air into 
the body cavities under manometric control. It consists essentially of 
a glass cylinder with an accurately fitted piston. By means of a hand 
operated cautery bulb, constant pressure is exerted on one face of the 
piston causing it to move and deliver air ahead of it. The movement 
of the piston and delivery of air can be stopped instantly by manipu- 
lation of the valve. Less than 5 cc of air can be accurately adminis- 
tered, as well as any desired larger amount. Therefore, the capacity 
of the apparatus is unlimited as it is not dependent upon the volume 
of a flask 
One complete excursion of the piston delivers 150 cc of air. Turning 
the valve immediately starts the piston in the other direction, con- 
tinuing to supply air without any change of connections. Air can be 
delivered either slowly or rapidly as desired. An aneroid manometer 
is in the circuit at all times, indicating air pressure during instillation 
as well as the pressure in the chest when the valve is turned to zero. 


AMERICAN CYSTOSCOPE MAKERS, 
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PREDERICK J WALLACE, PRESIDENT 


INC. 


LAFAYETTE AVENUE NEW YORK 59, N.Y. 
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however the conditions... Chest Xray Service (pd 
whatever the budget... 


ig ; a small car-drawn carrier for 
transporting’ Minograph to 
survey site 
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A 


CHEST XRAY HERE 


a self-contained x-ray clinic 
in a special bus body 


a completely equipped bus, 
with darkroom and office 
provisions 


a heavy-duty, tractot-trailer 
with gasoline engine- 
generator 


there’s a “Minograph” 
mobile x-ray screening a light truck to carry Mino- 


graph components for quick 


unit to fit idea exactly assembly on location 


A Picker representative can save weeks 
of data-digging for any TB specialist 
or group interested in case-finding. 
There are Picker offices in principal cities 
of U.S.A. and Canada...or write us 


PICKER X-RAY CORPORATION 
300 Fourth Ave., New York 10, N. Y. 
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Outstanding Value... 
Outstanding Nutritional Benefits 


Whether the pocketbook calls for economy or permits satisfaction 
of that urge for the fanciest cuts, meat gives your patients full 
value for their money. Every cut and kind of meat supplies, i 
abundance, these essential nutrients 
1. Biologically complete protein... the kind which satisfies 
the requirements for growth and which is needed daily for 
tissue maintenance, antibody formation, hemoglobin syn- 
thesis, and good physical condition 
. The essential B complex vitamins, thiamine, riboflavin, and 
niacin 
3. Essential minerals, including iron in particular 
™ Seal of Acceptance denotes that In addition to these tangible values, meat ranks exceptionally 


the Council on Foods a 
of the American Medica 


high not only in taste and palate appeal, but also in satiety value 
The instinctive choice of meat as man’s favorite protein food 


has behind it sound nutritional justification.* 


*McLester, J. S.: Protein Comes Into Its Own, J.A.M.A. 139:897 (Apr. 2,) 1949 


American Meat Institute 
Main Office, Chicago...Members Throughout the United States 
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LATEST VITAMIN FACTS 


From Merck— where many of the vitamin 


factors were first synthesized. 


These six Merck Vitamin Reviews PARTIAL INDEX OF CONTENTS 
are yours for the asking while 
the editions last. These concise 
reviews contain up-to-date, au- 
thoritative facts and can be most Daily requirements and dosages. 
useful for quick reference. Please Distribution in foods. 

address requests for copies to Methods of administration. 
Merck & Co., Inc., Rahway, N. J. Clinical use in specific conditions. 


MERCK 
VITAMINS 


MERCK & CoO., Inc. e Manufacturing Chemists RAHWAY, N. J. 


Factors that produce avitaminosis. 


Signs and symptoms of deficiency. 
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serving made 0 2 ne and 8f ft whole milk 
¢ Ye o7. of Ovalt a oz. 0 


T he ultipl nutrient due lary 
food uppl ment, Ovaltine in milk, is highly qual- 
ified for protecting the nutrient adequacy of the 
diet of the tuberculous patient. This is strikingly 


obvious from the data in the above table listing 


1) The National Research Council's Recom- 
mended Daily Dietary Allowances (revised 


1948) for a sedentary man of 154 Ibs., 


The nutrient content of three servings of 


Ovaltine in milk, and 


3) The percentages of the Council's Dietary 
Allowances provide | by the three servings 
of Ovaltine in milk 


T ki Ploi S t Chocolat 
Enticing flavor and easy digestibility are other wo lads, Mala end Sweet Cheestate 


Flavored. Serving for serving 
features of Ovaltine in milk important to the they are virtually identical 
tuberculous patient. During periods of food 
resistance, which may constitute a severe threat 
to the nutritional state, this delicious dietary 


supplement ts particularly valuable 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 
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PULMONARY TUBERCULOSIS 


Dr. Hans Ja 
ideas concerning the psy logy and treatment of tuber 
culosis $ ork with Scheel and Heimbock of Oslo, 

table advances in tuber 
tluable for General Prac 
iberculosis specialists. Gener 


ynly $4.50 


it brilliantly discusses mo lern 


fe 


BOVINE TUBERCULOSIS 


By John Frar 
d book wt 


TUBERCLE 


Staples Press, Ine. 
Dept. AR.T. 1 
70 East 45 Street, New York 17, N. Y. 


Maryknoll 
SANATORIUM 


Maryknoll Sisters: 


MONROVIA, CALIFORNIA 


e A Sanatorium for the trearment of tu- 
berculosis and other diseases of the lungs. 
Located in the foorhills of the Sierra 
Madre Mountains, Southern exposure. 
Accommodations are private, modern, 
and comfortable. Rates are moderate. 
General care of patient is conducive to 
physical and mental well being. 


Sister Mary Pietra 


Superintendent 


E. W. Hayes, M.D. 


Med:cal Durector 


Doctor: 


When your patients require ultra- 
violet irradiation we suggest you 
prescribe with confidence the 


HANOVIA 
ULTRAVIOLET 
QUARTZ LAMP 

Prescription Model 


The Most Efficient in 


Performance and Results 


Ideal for post 
operative recu- 
peration and 


convalescence. 


The Hanovia Ul- 
traviolet Quartz 
lamp outdoes the 
sun in ultraviolet 
energy. 


Activates Vitamin 


D—Nature’s way. 


Invaluable for pre- 
natal care and to 


nursing mothers. 


Prophylactic and 
curative effect on 
rickets. 
@ Assists children in the growth of sturdy 
limbs and sound teeth. 


@ Stimulates the blood-building centers 
of the body. 


@ Helps keep the hemoglobin and red 
blood cells at the full heathful level 


Ava‘lable through your local surgical supply house. 


For descriptive folder 
address Dept. AR-11-49 


HANOVIA 
Chemical & Mfg. Co. 


NEWARK 5, N. J. 
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THE 


OAK RIDGE SANATORIUM 


GREEN 


IWERICAN REVIEW 


OF 


SPRINGS, 


TUBERCULOSIS 


for 
TUBERCULOSIS 


Diagnosis 
Treatment 


SITUATED in the beautiful 
springs country of Northern 
Ohio, this modern Sanator- 
ium offers not only up-to- 
date treatment for all forms 
of Tuberculosis but a setting 
of utmost beauty and rest- 
fulness for the convalescent. 
General Hospital Facilities 
with complete Surgery ... 
Modern Steam-heated 
Rooms... 
Graduate Nurses... 
Persone! Care for 
Patient. 


Every 


Natural Mineral Spring 
(8,000,000 gallons per day.) 
Artesian Well 


OHIO 


Reasonable rates 
PAUL M. HOLMES, M.D., 
edical Director 
JOHN J. GEDERT, M.D.., 
Resident Physician 
GEO. S. BOWERS, M.D., 
Internist 
ELEANOR BLIVEN,. R.N. 
Supt. Nurses 


ALEX C. JOHNSON, 
Pres. & Gen. Mer. 
M. M. RIDDLE. M.D., 
Eye, Ear, Nose and Throat 
WM. NEILL, M.D., 
Thoracic Surgeon 
OTTO MUHME, M.D., 
Thoracic Surgeon 


1950 National Tuberculosis ~Association ~Anunual _Meeting 


The Annual 
Washington, D. ¢ 
Statler 

Some 920) rooms 
dation of those atte 
ivailable 

Application 


and shout 


HOTEI 
STATLER 
AMBASSADOR 
BLACKSTONI 
HAMILTON 
HAY-ADAMS 
LAFAYETTI 
MARTINIQUI 
SHERATON 
WASHINGTON 
WILLARD 


Meeti 


Washington, D. C. 


will be 


Association held in 
will be held in the Hotel 


luberculosis 


24-28, 1950. Meeting sessions 


have been promised by the hotels listed below for the accommo 


ding the meeting. Only 


a limited number of single rooms will be 


reservations should be made directly with the hotel of your 
de for double rooms w 
ADDRESS 
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Authentic Instruments 


FOR THE THORACIC SURGEON 


BURFORD MODIFICATION OF THE 


FINOCHIETTO RIB SPREADER 


Thoracic surgeons look to Pilling for the new and important instru- 
ments in their special field. Since 1814, leaders in this field have con- 
sulted Pilling and designed instruments to fit their exacting require- 
ments, confident in their knowledge that Pilling craftsmen would 
create the instruments they desired. 


A fine example of Pilling craftsmanship is the Finochietto Rib 
Spreader, originally designed by Professors Henrique and Ricardo 
Finochietto of Buenos Aires. Now, the modification of this popular 
instrument by Thomas H. Burford, M.D., Barnes Hospital, St. Louis, 
provides even greater versatility. By properly switching the two pairs 
of interchangeable blades, the instrument can be used as medium or 
large size, or combinations of one large and one small blade. The 
shafts are also curved to conform to body curvature, thus keeping the 
spreader out of the operator's way. 


ORDER instruments direct from 
George Fh. and Com any 


3451 WALNUT STREET 
Philadelphia 


ev- 


A Standing Invitation: When in Philadelphia, visit our modern sales 
rooms and manufacturing plant. Free parking on our private lot 


O 


SAROT 
Bronchial Clamp 
Available in pairs— 
right ond left 


y) 


J 


Or 


A 
SAROT 
Intre -Thoracic 
Artery Clamp 


SATINSKY 


Scissors 


} 
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SATINSKY 


Vena Cava Clamp 


ILLING FOR PERFECTION in surgical instruments 
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The NACLERIO SUPPORT for 


Prone-Position 
Surgery 


used in conjunction with any 
standard operating table, to keep 
maximum vital capacity, prevent 
contralateral spillage, and pro- 
vide ideal access for surgery, with 
all favorable variations of the 
patient’s position. 
SIMPLE—PORTABLE— 
INEXPENSIVE—VERSATILE 
Write for Circular 
J. H. EMERSON CO. 


22 CoTTAGE PARK AVENUE 
CAMBRIDGE 40, MASSACHUSETTS 


Makers of EMERSON 
LUNG IMMOBILIZERS 


EUDOWSOOD SANATORIUM 
Towson, Maryland 


A modern, thoroughly equipped institution for the treatment of tuberculosis. 
Located on a large 350-acre farm in the beautiful, healthful Maryland country- 
side. All city conveniences ... eight miles north of Baltimore ... one mile 
east of Towson, Maryland. 

Private rooms with adjoining baths ... $7.00 and $8.00 per day, including 
general nursing and medical attention. For further information, address: 


DR. WILLIAM A. BRIDGES, Superintendent 
Eudowood, Towson 4, Maryland 
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Which Forms of PARASAL Are You 


$, Pere Aminesalicylic Acid 


Using in Your TB Clinical Trials? 
oO 


A; THE present writing (Nov. 14, 
1949) some 200 sanitaria, hospitals 
and specialists are clinically testing 
the therapeutic activity of PARASAL 
—Panray’s brand of PAS. Hun- 
dreds of case histories have already 
been taken, and the reports are 


continuing to show a definite 


- PARASAL really effective? The 

evidence now indicates that (1) 

PARASAL alone is a valuable thera- [] Parasat Powper (Para Amino- 
salicylic acid). 

PaARASAL Sopium POWDER 
(Sodium para aminosalicylate 
that (2) it is especially indicated dihydrate }. 


peutic agent in the treatment of 


several forms of tuberculosis, and 


as a synergist to streptomycin [) Parasat TaBiers (0.5 gm.) 
therapy.* Acid or sodium salt. 
Parasat TaBLets, ENTERIC 
*REF.: 8th Streptomycin Conference. Coatep (0.5 gm.) Acid or sodi- 
Nov. 13, 1949. Atlanta, Ga. um salt. 
| [] Parasat GRANULES, ENTERIC 
N RESPONSE to widespread Coatep (acid only). 
ParasaL OintMenr for topical 
application. 
ParasaL Ampuces. Sodium salt 
tigational use. eight forms of solution, for intravenous admi- 
nistration. 
ParasaL BuLK SOLUTIONS. Sodi- 
um salt in sterile solution for 


demand, Panray has developed, 


and now offers for further inves- 


PARASAL. One of these. in all prob- 
ability, will meet your particular 


requirements: local administration. 


Write for bibliography. prices, and descriptive literature 


PARASAL is manufactured by Hexagon Laboratories. Ine.. distributed exclusively by: 


THE PANRAY CORP. 


Custom Manufacturers of Fine Organic Chemicals 


340 Canal Street New York 13, N. Y. 
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Everg WHITE KNIGHT Hospital GARMENT 


is Designed and Tailored to Meet the 
Exacting Demands of Hospital Service 


In designing and tailoring 
WHITE KNIGHT Hospital 
Garments, whether they happen 
to be Patients’ Gowns, Operat- 
ing Gowns, Nurses’ Uniforms, 
or Infants’ Gowns...the specific 
and exacting requirements of 
each type of service must in all 
cases be both the starting point 
and the climax. 

Only the most intimate exper- 
ience and knowledge of hospi- 
tal service meeds can create 
wholly satisfactory final results. 
This is a goal that Will Ross, 
Inc., has not only strived to at- 
tain but has translated into 
accomplished fact. 

The White Knight label is a 
symbol of the best that can be 
produced —in terms of excell- 
ence of materials, craftsman- 
ship and, above all, utility with- 
out equivocation. 

The Will Ross Unconditional 
Guarantee applies to White 
Knight Hospital Garments just 
as it does to several thousand 
other hospital necessities that 
add to the ease, efficiency and 
economy of broad service to 
the sick and injured. 


{ 


A Patient's Gown is a simple thing. But in its very simplicity 


F.10 
PATIENTS’ GOWN 


F.20 F.650 
OPERATING GOWN j NURSES’ GOWN 


there is a story — based upon the fundamental purpose of the 
garment. It must be comfortable in use and easy to put on and 
take off without inconvenience or discomfort to the patient 
The patient's body must be quickly and fully accessible to receive 
the attentions required from nurses and attending physicians 
The garment must protect and cover .. . yet provide complete 
freedom of action. It must be made of materials that will 
stand a great deal of hard wear and frequent launderings. 


Both initial and upkeep cost must be low 


The same is true of Operating Gowns, Nurses’ Gowns, Chil 
dren's and Infants’ Gewns and other Hospital Garments and 
Accessories. It is the knowledge of this fact and the continu 
ovs application of this knowledge that makes White Knight 


Hospital Garments good in every sense of the word 


WILL ROSS, INC., Milwaukee 10, Wisconsin aN 


35 YEARS OF SERVICE TO HOSPITALS 


Manufacturers and Distributors of Hospital and Sanatorium Supplies and Equipment 
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THE SURGICAL TREATMENT OF RECURRENT AND CHRONIC 
SPONTANEOUS PNEUMOTHORAX OF NONTUBERCULOUS ORIGIN' 


RICHARD H. MEADE, JR., ann BRIAN B. BLADES 
Received for publication July 29, 1949 


INTRODUCTION 


Sp mtaneous pneumothorax is a familiar subject to all who are interested in 
chest disturbances. The frequeney with which it occurs in apparently healthy 
people, and its usually benign course in such instances, is in striking contrast 
to its appearance in cases of far advanced tuberculosis. In the latter, spontane 
ous pneumothorax is of serious import and not infrequently is a landmark on 
the road to death. In this group the underlying disease is of paramount import 
tance. In the nontuberculous cases there is frequently no serious underlying 
disease. 

Spontaneous pneumothorax of nontuberculous origin may be grouped into 
three simple classes. [n the first are those cases in which there is a single attack 
from which the patient recovers without incident or sequellae. In the second 
group are those in which there are recurring attacks. These may be of short 
duration, interfere little with the patient’s activities, and require little treatment, 
or they may require aspiration of the air. In some cases, however, the pneumo 
thorax persists for weeks or months and makes the patient an invalid. These 
require some form of treatment that will prevent the recurrence of the pneumo 
thorax after re-expansion has been obtained. In the final group are cases in which 


a pneumothorax develops and the lung fails to re-expand spontaneously or after 


repeated aspiration of air. For these, the writers believe open operation should 


be used although many cases have been reported in which re-expansion has fol- 
lowed the induction of a chemical pleuritis. 

Since Spengler (6) in 1906 suggested the use of silver nitrate injections to in- 
duce a chemical pleuritis to prevent the recurrence of pneumothorax of non- 
tuberculous origin, this and various other agents have been used with considerable 
success. The underlying pathology in such cases has usually been a localized 
area of emphysema or scattered emphysematous blebs on the surface of the lung. 
In 1939, Hennell and Steinberg (4) reported the successful treatment of 5 cases 
of recurrent and chronic, tense pneumothorax by means of injections of glucose, 
iodized oil, or one followed by the other. Brock (3) in 1948 reviewed the subject 
of the treatment of these forms of pneumothorax and reported the largest series 
of cases in the literature. Among 71 cases of spontaneous pneumothorax ot non- 
tuberculous origin, he presented 46 chronic cases and 25 recurrent ones. In 8 of 
the chronic cases there were large cysts which required excision, or lobectomy. 
All of the others were treated by the induction of a pleuritis with silver nitrate. 
The treatment proved successful in all cases. 

From the Chest Surgical Services of Walter Reed General Hospital and of Kennedy 
General Hospital 
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In the present communication, IS cases of spontaneous pneumothorax are 
presented. In 8 the pneumothorax was recurrent, in 11 it was chronic. Operation 
was performed in all. Three of the chronic cases had bronchiogenic cysts which 
had to be excised, or treated by lobectomy. In 6 of the chronic cases it was 
necessary to do decortications of the lung in order to bring about its expansion. 
\ brief report of these cases will be given and the management of these forms 


of pneumothorax will be discussed 


Origin of nontuberculous pneumothorax: The origin of the usual case of spontaneous 
pneumothorax not due to tuberculosis is the rupture of a peripheral air sac in the pres 
ence of a free pleural space. Such dilated alveoli are known to occur frequently in normal 
lungs. Their rupture as the result of a sudden increase in intra-alveolar pressure is not 
remarkable. When this event is not associated with the presence of some inflammatory 
process in the underlying lung or pleura, there is collapse of the lung and the leak be 
comes sealed. The ruptured area heals and the lung re-expands. When there is under 
lving emphysema, or some chronic inflammatory process, the decrease in vital capacity 
mav be severe. However, unless the air is leaking from an involved area, it tends to stop 
quickly and the lung re-expands. Ruptures of areas in parts of the lung affected by active 
nflammatory processes will usually result in a pyopneumothorax, or hemopneumothorax, 


which will not be consideved in this presentation 


OBSERVATIONS 


The management of cases of recurrent pneumothorax of short duration usually 
does not involve surgical procedures. Conservative measures usually suffice. 
hese include the injection of various irritating substances, such as silver nitrate, 
glucose, and iodized oil, after it has been demonstrated that the lung can re 
expand 

Phe cases of recurrent pneumothorax of longer duration can be more certainly 
cured by open operation, as the underlying cause of the leak can be corrected 


and provisions made for maintaining the expansion of the lung. Eight of our 


patients had this type of recurring pneumothorax, and all were subjected to 
operation. They had pleural poudrage with tale and sulfanilamide, had this in 


combination with resection of the leaking emphysematous blebs, ot had simple 
excision of the blebs 

Chronic pneumothorax means that the lung remains collapsed and shows no 
tendency to re-expand. There were 11 patients in this group. Although tubereu 
losis Was suspected and searched for in each case, it was not found. In general, 
the two main causes of the pneumothorax were the persistence of a broncho 
ple ural leak ind or the encasement ol the collapsed lung in adhesions, or an 
inelastic membrane which prevented Its re-expansion These factors will be con 
sidered in the presentation of the individual cases 

In presenting our cases we shall group them according to the type of pneumo 
thorax and according to the underlying etiological factors. Only the essential 
features will be given and the illustrations will be limited to examples of the 
different ty pes of cases With one exception, all of the cases being reporte 1 were 


seen in army hospitals during the last war. Long follow-up studies have not been 
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possible in every case, but they are considered to have been of sufficient length 


to allow for a reasonably satisfactory evaluation of the results. In no instance 
have we been aware of the recurrence of the pneumothorax after our surgical 
treatment. There were no deaths and no serious complications. 


RECURRENT SPONTANEOUS PNEUMOTHORAX 


Might patients who had recurrent, spontaneous pneumothorax were treated 
by open thoracotomy. In none of them was there evidence of any underlying 
chronic disease. In 3 instances no cause for the pneumothorax could be found. 
In the other 5 cases emphysematous blebs were thought to be the source of the 


pneumothorax. 
Etiology Unknown 


Of the patients in whom no etiological factor could be found, the first was 
21 vears old and had had five recurrences of his pneumothorax within three 
vears. The second also was 21 years old and had had two attacks in one year. 
The third was 23 vears old and had had three attacks in two years. They were 
operated upon and, after it was determined that the lung could fully re-expand, 
the entire pleural surface was dusted with tale mixed with 0.3 Gm. to 10 Gm. 
of sulfanilamide crystals. The chest wall was then closed without drainage. The 
lungs remained expanded and there was no need for thoracentesis. They were 
followed for periods of ten, twelve, and seventeen months without signs of re- 


currence 
Emphysematous Bleb 


In the next group of patients a single emphysematous bleb was considered to 
he the etiological agent in one, and in the other there were four blebs (figures 
1 and 2). The first patient was 26 vears old and had had three attacks of pneu- 
mothorax between November 1942 and May 1943. The second was 29 vears old 
and had had four attacks between January 1943 and December 1944. In both 
cases the blebs were excised and the defects sutured. After complete re-expan- 
sion of the lung, the chest wall was closed in lavers without drainage. In neither 
case Was aspiration of the chest necessary after the operation. No long time fol- 
low-up Was possible in either case, but it was extremely unlikely that there was 
a recurrence as the men were still in the army and would have been referred 
back to one of us if there had been any further trouble. 

In the final group of cases of recurrent pneumothorax, the lungs were found to 
have so many blebs on their surfaces that removal of them was not attempted. 
Instead, the pleural surfaces were dusted with tale and sulfanilamide after it 
had been demonstrated that the lungs could be fully expanded, and the chest 
wall closed without drainage. The first patient in this group was a 5l-vear-old 
woman who had had three recurrences in fourteen months. Her left upper lobe 
was found to be covered with small blister-like blebs. She needed no thoracente- 
sis after operation and was followed for eight months without evidence of re- 
currence. The second patient was a 27-vear-old man who had had four attacks 


MEADE AND BLADES 


of pneumothorax in eight months. His left upper lobe was found to be partly 


covered with small blebs. Following his operation, his pleural cavitv had to be 


aspirated once. He returned to military duty and had no recurrence during the 


twenty months he was followed. The third patient was a 3l-vear-old physician 


who had had two attacks in two years. He was operated upon a month after 
the onset of his second attack and while a small pocket ol pneumothorax per 


sisted. His right upper lobe was found to be partly covered with small blister 


like blebs and a fistula was seen which was thought to be the site of leakage of 
the air and to have been due to a rupture of one of the emphysematous blebs 


rhe fistula was closed by suture and the lung found to be completely expandable 


senogram of chest of patient with recurrent pneumothorax showing 


right middle and lower lobes 
tographs of blebs excised from the surfaces of the right middle and 


whose roentgenogram is shown in figure 1 


The upper lobe was then “iced” with tale and sulfanilamide and the chest wall 


closed without drainage. No postoperative thoracentesis was necessary. Although 
no follow-up was obtained in his case, he was a physician and had been instructed 
to contact one of us should he have further trouble 

These cases were all recurrent in type, and before operation it was known that 
the lung could fully re-expand or had fully done so. The preblem was to ensure 
the maintenance of this fully expanded position. By applying irritants to the 
surface of the lung, an inflammatory reaction was started that resulted in thiek- 
ening of the visceral pleura to such an extent that further rupture of peripheral 
blebs could not take place. The possibility that the recurrence of the pneumo 
thorax was prevented by the production or a pleural symphy sis must also be 
considered. Certainly the pleural reaction must produce a temporary svmphysis, 


but that this may not be permanent is seen in many cases of empyema in which, 


OSD 
inf 
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even after surgical drainage, full restoration to normal seems to occur. Also cases 
of pneumothorax have developed after apparent recovery from an empyema. 
Hennell and Steinberg (4) report a case in which, following the disappearance 
of fluid from the chest of a patient with a drained, postpneumonic pyopneumo- 
thorax, the pneumothorax persisted until a chemical pleuritis was created by 
the injection of iodized oil. This case would seem to indicate that the closure of 
the bronchopleural fistula by the chemically induced pleuritis was more impor- 
tant than the normal tendency to pleural symphysis as the result of the pre- 


existing empyema. 


CHRONIC SPONTANEOUS PNEUMOTHORAX 


The cases of true, chronic spontaneous pneumothorax, in which it was im- 
possible to bring about re-expansion of the lung before operation, numbered 
eleven and can be conveniently divided into two main groups. In the one were 
those in which a definite source for the pneumothorax could be found and, in the 


other, those in which it was impossible to determine its origin. 


Source of Pneumothorax Known 


The cases for which a definite source of the pneumothorax could be found 
included 3 in which there was a leaking bronchogenic evst, one with a leaking 
emphysematous cyst, one in which a band adhesion apparently maintained the 
pateney of a bronchopleural fistula, and 4 in which small leaks in the surface of 
the lung could he detected, 

Rupture of pulmonary cyst: The cases in which the cause of the pneumothorax 
Was most obvious were those in which there had been a rupture of a pulmonary 
evst. In 3 the evsts were bronchiogenic, and in one they were emphysematous. 
In the bronchiogenic ones the problem Was merely that of removing the cyst. 
In 2 it was possible to do so without sacrifice of lung tissue, but in one it was 
necessary to do a lobectomy. In none of these were there any adhesions which 
interfered with the re-expansion of the lung. In the case of the emphysematous 
eysts the chief obstacle to re-expansion of the lung was its encasement by bind 
ing adhesions 

The first of the group, chronologically, was a 31-vear-old man who had had a 
pneumothorax for six months before operation. In addition to dyspnea, he had 
had hemopty sis, cough productiy e of pus, lever, and chills for the first six weeks. 
\t operation the left upper lobe was found to be largely replaced by a cyst which 
had ruptured and from which air had escaped. The upper part of the lower lobe 
was studded with small cysts. The upper lobe was resected and closed drainage 
of the chest established. His lung promptly expanded to fill his chest but roent- 


genograms showed evidence of a cyst in his opposite lung, which had not been 


apparent before operation. Pyelographie studies revealed apparently incom- 


plete rotation of his kidneys and bizarre deformities of the pelves and calyces. 
The study of the resected lobe and these other findings would place this case 
in the group of true congenital cystic disease of the lungs. He was examined 
nineteen months after the operation and found to have no evidence of further 
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chest disease. A vear later he still had no evidence of recurrence of his pneumo- 
thorax. 

The next 2 patients with bronchiogenic cysts were diagnostic problems, but 
their management was simple. The first was 46 vears old and his symptoms were 


all gastrointestinal; the pneumothorax had persisted for four months before his 


operation. Closed thoracoscopy showed a large cyst collapsed against the sur- 


face of the deflated right lung. At operation one month later, the cyst was found 
to be intact and occupying the entire pleural cavity. It arose from the upper 
lobe near the origin of the bronchus to this lobe. Its walls contained islands of 
cartilage and the lung around the base of the cyst felt as if it contained an ab- 
normal amount of cartilage. The cyst was excised with a minute amount of 
lung tissue and the chest wall was closed without drainage after the lung had 
been fully expanded. No postoperative aspiration of the chest was necessary, 
and the lung remained expanded up to the time he was last seen, two months 
after the operation 

The third of the patients with bronchiogenic cysts had symptoms suggesting 
coronary arterial disease. He was 40 years old and his first attack of severe sub- 
sternal pain, with radiation to the left arm, was relieved by nitroglycerine. No 
roentgenogram ol the chest was taken at the time, but an electrocardiogram was 
made which showed no abnormality and he was returned to duty. This was in 
March 1944. Another attack occurred in seven months and again the electro- 
cardiogram was normal, but this time a roentgenogram of the chest was made 
which showed evidence of a cyst, or a localized pneumothorax. Two months 
later at Kennedy General Hospital, studies showed no evidence of heart disease 
but the roentgenogram showed a pneumothorax in the right upper chest. Closed 
thoracoscopy revealed a pneumothorax and a partly collapsed cyst arising from 
the right upper lobe. Four days later the cyst was resected by cutting across a 
base of normal-looking lung tissue. The middle lobe was seen to have a smaller 
lobe projecting from its lower anterior surface, and the lower lobe was almost 
completely divided into two. One of the lower lobes was retrocardiac in position 
There was no evidence of anthracosis in this lung in spite of the fact that the pa 
tient had lived in cities most of his life. His convalescence was uneventful, and 
three months later his lung was still fully expanded and he had had no more 
symptoms of any kind 

The final patient in this series was a 55 veal old Russian plumber. In the 
evening, following a strenuous afternoon in which he had lifted a heavy boiler, 
he suddenly became short of breath. Not until ten days later was the cause for 
his dyspnea found when a roentgenogram of his chest showed an extensive 
pneumothorax. Repeated aspiration of the air only gave temporary relief and 
he had continued as a chronic invalid. He was first seen by one of us five months 
late He was found to have un extensive pneumothorax igure 3). Betore op 
erating on him it was decided to try the effect of continuous decompression 
This only resulted in his developing an extensive interstitial emphysema as the 
air under pressure escaped along the tract of the needle. Apparently, the fixation 
of his mediastinum and the presence of adhesions binding his lung to a part of the 


chest wall saved him from the usual effects of a tension pneumothorax 
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When he was operated on six days later the lung was collapsed except for 
extensive attachments of the upper lobe to the lateral chest wall. There were a 


Fic. 3. (Upper left) Roentgenogram of chest of patient with chronie pneumothorax due 
to rupture of large emphysematous eyst. Adhesions prevent the complete collapse of the 
upper lob 


Fic. 4 Upper right Roentgenogram of the chest of the same I 1 t morning 


after the operation showing the lung symmetrically collapsed ar k interstitial 
emphysema 
Fic. 5 Lower left Roentgenogram of the same chest five days ilter operation showing 
complet: re-expansion of the right lung and a small amount of interstitial emphvsema 
Fic. 6. (Lower right) Roentgenogram of the chest of the same patient eighteen months 
after his operation. No abnormalities are noted except for the rib defect produced by the 


operation 


number of large eysts buried in the lung and air was found to be escaping from 


the largest one. The opening was not obvious. Although the only way in which 


the cvsts could be evadicated was by total pneumonectomy, this was not possible 


690 MEADE AND BLADES 


as there were thought to be large eysts in the opposite lung. Accordingly, the 
lung was decorticated and the cystic areas infolded into the normal appearing 
lung surrounding them. Attempts to suture the area from which the air was 
thought to be escaping were futile but the area was infolded as were the cysts 
Following these procedures the lung could be expanded without interference, 
but full expansion was not attempted because of the danger of tearing the su- 
tured areas. Closed drainage Wiis established with a single tube which Was con- 
nected with a water trap. 

Four hours after the operation he had developed extensive interstitial emphy- 
sema Which was progressive and only came under control after another drainage 
tube had been inserted into his pleural cavity (figure 4). From then on he rap 
idly recovered, and at the end of five days the lung was fully expanded (figure 
5) and has remained so ever since. A roentgenogram of his chest eighteen months 
after the operation (figure 6) shows the present appearance of his chest. This 
cause emphasized the need for decortication in such cases of chronic pneumotho 
ruX, and more espe isally showed the need lol really adequate closed drainage 
when the source of a tension pneumothorax cannot be definitely eradicated 

Among the other cases in which it was thought that a definite source for the 


pneumothorax could be demonstrated, the first was a 37-vear old man who had 


had three attacks of pneumothorax during a period of six months and whose 
lung had shown no tendency to re expand following the last episode Roent- 
genograms of his chest showed an extensive pneumothorax on the right with a 
band adhesion running from the upper part of this lung to the chest wall. On 
thoracoscopy the adhesion was seen to be arising from a rather normal-looking 
area of lung ind no evidence of a fistula could be found. The adhesion was di 
vided and the lung collapsed svmmetrically. Gradual re expansion of the lung 
occurred and the patient Was discharged with il normal uppearmg chest roent 
genogram. No follow-up observations have been obtained in this case although 
he was operated upon in November 1943. The persistence of the pneumothorax 
in this patient was thought to be due to the rupture of a peripheral bleb and 
the maintenance of the patency of the opening by the attachment of the adhe 
sion to the edge of the defect Although no fistula could actually be seen, the 
sequence ob events would tend to support the hypothesis advanced. In cases of 
tuberculosis, tension pneumothorax has been successfully treated in this manner 
In a numper of cases 

Peripheral fistula or hleb: There were 4 cases in which the persistent pheumo 
thorax was found to be due to definite leak of air from a peripheral fistula or 
from a peripheral bleb. In each it was possible to close the defect by suture 
and to bring about re-expansion of the lung. The first of these was a 25-vear-old 
man who was discovered to have a pneumothorax in June 1942 Hle was care 
fully studied in two hospitals and efforts were made without success to cause 
re-expansion of his lung. He was finally operated upon in December 1943 
\ small bleb was found on the extreme UpeNX of the right uppel lobe from which 
air could be seen to escape when this area was covered with normal salt solution. 


The area was inverted with eatgut sutures and further covered with a piece of 


| 
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muscle which was held in place by “tissue glue”? (Sano (5)) made from a sus- 
pension of the patient’s red blood cells and plasma. This “tissue glue” was also 


applied to the entire surface of the upper lobe and the adjacent parietal pleura. 


The pleura elsewhere was vigorously rubbed with dry gauze to produce a pleuri 
tis. The lung was inflated and the chest wall closed without drainage. Small 
amounts of fluid had to be aspirated from the pleural cavity on two occasions, 
and the lung gradually completely re-expanded. He was returned to active duty 
in the army and fourteen months later reported that he was in excellent health 
and had had no further attack of pneumothorax. 

The next patient in this group was 34 vears old. He had had his pneumotho- 
rax for five months and, after all attempts to bring about re-expansion had 
failed, he was operated upon. His lung was found to be completely collapsed 
and the air under positive pressure. A bleb was found in the depth of an incom- 
plete fissure between the left upper and lower lobes and air was seen to be escap 
ing from it. This area was buried by means of catgut sutures and further coy 
ered with muscle and pleural grafts. Other blebs were seen on the surface of the 
lung but none allowed the escape of air. The lung could not be inflated because 
of the presence of an inelastic membrane which covered the posterior and me 
dial aspects of the lung. This was incised and peeled off the lung, allowing it to 
re-expand. Closed drainage of the pleural cavity was established and the chest 
wall closed. Re-expansion of the lung promptly occurred, and he was returned 
to duty. He was followed for six months without evidence of recurrence. 

The third member of this group was a young man who had had a pneumotho- 
rax of varving extent for more than a vear before being admitted to Kennedy 
General Hospital in June 1944. All attempts to re-expand the lung having failed, 
he was operated upon and the lung found to be adherent posteriorly. A definite, 
small opening was found in the midst of a roughened area on the anterolateral as- 
pect of the left lower lobe from which air was escaping. This area was closed with 
interrupted sutures of fine silk and re-enforced with two muscle grafts. The 
lower lobe was prevented from re-expansion by the thick membrane which coy 
ered its lower part. This was removed without difficulty allowing the lobe to 
be fully inflated. Some oozing had persisted from the area in which the fistula 
had been sutured in spite of the sutures and muscle grafts. Accordingly, a single 
piece of oxidized gauze (Oxyeel) was placed over this area and the oozing 
promptly stopped. After establishing closed drainage, the chest wall was closed 
in layers. The lung was slow in re-expanding and required active suction drain- 
age and aspiration of air from the upper part of the pleural cavity before com- 
plete re-expansion Was established after two months. He was discharged from 
the hospital in November 1944. A roentgenogram of the chest in September 
1046 showed no abnormalities and he was seen in March 1947 after having had 
no further recurrence of his pneumothorax. 

The last in this particular group was a 35-vear-old man admitted to Ken- 
nedy General Hospital with a spontaneous pneumothorax of four months’ 
duration (figure 7). Repeated aspiration had failed to have any effect on the 
pneumothorax. An exploratory thoracoscopy showed the lung to be nonexpansile 
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but no fistula could be seen. Three weeks later he was operated upon and the 
lung Wiis found to be encased In an inelastic membrane (figure S and near the 
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apex of the upper lobe was an emphysematous bleb that ballooned out when 


the intrabronchial pressure was raised (figure 9). Although no air was seen to 
escape from this bleb. it was thought that if probably Wits the source of the 


pneumothorax and this area was buried in the lung parenchyma by means of 


% 
; 
4) 
i 
‘ 
| 
| 4 | we ol the ehest ol patient with ehronms pneumothorax due 
t ruptured matous ble 
Pia. S. (Lawe eft) Photograph of the lung at operation showing the lower part of tiv 
ung enens ! tic membrane which prevented its expansion 
ky 4 Lower rigl Photograph of the Ing at operation showing the bleb from which 
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interrupted sutures of fine silk. Because of its encasing membrane the lung could 
not be expanded until a decortication had been done. This was accomplished by 
actual removal of the membrane in large pieces and by incising the membrane 
in other areas and causing it to split further by active expansion ol the underly 
ing lung. Complete re-expansion was obtained. Closed drainage was used and 
the lung rapidly filled the pleural space and remained expanded. Two years 
later he had a spontaneous pneumothorax in the opposite chest from which he 
promptly recovered 

These 4 cases all showed evidence of the source of thei pneumothorax, and 
in 3 the lung could not be expanded until after a decortication had been done 
In each of these cases the chief barrier to spontaneous re-expansion Was the 


presence ol the inflammatory capsule, or of an adhesion. 
Source of Pneumothorar Unknown 


The other main division of our cases of chronic pneumothorax was made up 
of 2 in which no source for the pneumothorax could be found, but in each of 
which the lung was prevented from re-expanding by binding adhesions or a 
covering membrane. The first was a 23-vear-old man who had had an acute 
upper respiratory infection followed by pleurisy with effusion. The effusion 
cleared but he was left with a chronic pneumothorax. Seven months later he 
was admitted to Kennedy General Hospital. After exhaustive studies to deter 
mine the etiological factor had proved fruitless and repeated aspiration of ait 
had had no effect on the pneumothorax, he was operated upon, thirteen months 
after the onset of his illness. At operation no source for the pneumothorax could 
be found, but there were dense adhesions binding the lower lobe to the dia 
phragm and paravertebral region. After dividing these adhesions, the lung could 
be fully expanded. Closed drainage was established and the chest wall closed in 
lavers. Drainage had to be maintained for two weeks before the lung fullv ex 
panded. Because of the symptoms of a psvchoneurosis, he was kept under obset 
vation for four months before discharge and there was no recurrence of the 
pneumothorax during this time. Attempts to follow him have been unsuccessful 
It is believed that the pneumothorax developed during the period of the acute 
pheumonitis, that the effusion added to the collapse of the lung, and that the 
associated pleuritis fixed the lung and prevented its re-expansion after the active 
infection had subsided. The fluid was absorbed but the air remained. 

The other patient in this small group also was 23 vears old but he had never 
had any illness prior to the discovery of his pneumothorax. This discovery took 
place overseas and he was returned to this country when the lung failed to re 
expand. Attempts to bring about re-expansion by repeated aspiration of the air 
proved ineffectual and he was operated upon five months after the onset of the 


pneumothorax. At the operation no evidence of a fistula could be found or of 


any area from which it seemed air might have escaped. The lung was encased 
in an inelastic membrane (figure 10). Decortication was easily done and the 
lung completely reinflated (figures 11 and 12). Closed drainage was used for a 


short time and the lung promptly re-expanded and remained so. One vear lates 
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he wrote that he had been working for some months and had had no further 


trouble. 


Fic. 10. (Upper left) Photograph of the lung at operation of patient with pneumothorax 
showing the collapse lung encased in a membrane 

Fig. 1. (Upper right) Photograph at operation showing the membrane being stripped 
from the surface of the lung 

Fic. 12. (Bottom) Appearance of the lung after the decortication showing its normal 


markings 
DISCUSSION 


In the cases of recurrent pneumothorax in the present report, it seems appar- 
ent that the etiological factor was the rupture of a peripheral bleb. Following 


this rupture and the establishment of a pneumothorax, the lung collapsed and 
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the site of air leakage became sealed. Re-expansion then occurred. The ensuing 
pleural reaction was not sufficiently great to prevent rupture of other blebs, 
however, or to produce symphysis of the pleural leaves and, when the intra- 
alveolar pressure again became suddenly increased, the same bleb or another 
ruptured and pneumothorax again appeared. The problem of the management 
of these cases was that of preventing further leaks from the lung and mainte- 
nance of the lung in its fully expanded state. It cannot be denied that good re- 
sults in certain cases have been achieved by the induction of a chemical pleuritis 
with silver nitrate, iodized oil, concentrated glucose solution, and by closed 
pleural poudrage with talc. Nevertheless, it has been our belief that in cases of 
recurring pneumothorax of long standing, the open operative approach offers 
more certain success. Such an approach allows for the direct study of the in- 
volved lung and definitive management of the presenting lesion. Although a wide 
range of vision may be afforded through the use of the thoracoscope, the explo- 
ration can never be as complete as when the chest is widely opened. 

Among the 11 cases of chronic pneumothorax, the site of leakage of air was 
apparent in 9 of them. The rupture of large bronchiogenic or emphysematous 
cysts occurring in 4 of the 9 cases was an obvious cause for the pneumothorax, 
and the size of the bronchial communication easily accounted for the chronicity. 
At the same time, however, the size of the fistula should have allowed for infec- 
tion of the pleural space of sufficient degree to produce an effusion. In none of 
the 3 cases with bronchiogenic cysts was this true. In the case with emphysema- 
tous cysts there had been a pleural reaction of sufficient degree to produce 
binding adhesions, although at no time was there evidence of an effusion. These 
adhesions would have been sufficient in themselves to prevent the lung from 
re-expanding even had the leakage of air stopped. In 4 other patients air could 
be seen to escape from the lung surface, either from an emphysematous bleb or 
from an area of localized induration in the lung. In the patient who had had a 
band adhesion divided by the closed method, no definite fistula was demon- 
strated, but the progress of the case and its similarity to certain cases of tension 
pneumothorax occurring in patients with tuberculosis make it seem most likely 
that a fistula had been held open by the adhesion. Healing of the fistula occurred 
after the lung had been allowed to completely relax, and the pleural reaction 
produced by the operative procedure caused the lung to adhere to the parietal 
pleura and should ensure against a recurrence of the pneumothorax. 

In the cases of chronic pneumothorax in which no definite site of leakage 
could be found, it must be assumed that during the time when the air was leak- 
ing from the lung an inflammatory process was in progress which caused the 
formation of adhesions which later prevented the lung from re-expanding. The 
first of these patients had a definite pleural effusion before there was evidence 
of his pneumothorax. He was treated with sulfonamides during this time and 
they undoubtedly played an important role in sterilizing the pleural cavity. The 
other patient had had no evidence of pleural infection at any time and had re- 
ceived no sulfonamides or penicillin. 

Aside from the persistence of a bronchopleural fistula, the other important 
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factor in the pathogenesis of these cases of chronic pneumothorax was the trap- 
ping of the collapsed lung by adhesions or its encasement in an inelastic mem- 
brane. In 6 of the 11 cases it was necessary to do a decortication before the lung 
could be made to expand, even when the intrabronchial pressure was raised to a 
high level. This experience is apparently unique if one is to judge from the litera- 
ture. Except for Brewer, Dolley, and Evans (2), who reported their experience 
with 15 cases of chronic, spontaneous pneumothorax at the meeting of the 
American Association for Thoracic Surgery on March 30, 1949, no other authors 
have noted the importance of decortication in the treatment of chronic pneu- 
mothorax. Brock (3), in his recent excellent article, was able to obtain re-expan- 
sion of the lung in each of his 46 cases without the use of decortication. Fur- 
thermore, except in 8 cases associated with pulmonary cysts which required 
excision of the cyst or lobectomy, he simply induced a pleuritis by means of 
the injection of silver nitrate. Also, Alexander and Haight (1), in the paper they 
presented before the American Trudeau Society in 1947, cited no case in which 
it was necessary to do a decortication, although open thoracotomy was done in 
all of their cases. Why the present writers found 6 cases in 11 who needed de- 
cortication to allow for re-expansion of the lungs and Brock (3) found none in 
a much larger series is hard to understand. Perhaps as our series grows in size, 
the incidence of incapacitating adhesions will decrease. Certainly the recognition 
of this condition cannot be certain without open thoracotomy and hence this 
approach is regarded as preferable. 

The object of all therapy is to return the patient to a state of health as safely 
and as quickly as possible. Conditions in individual cases must always deter- 
mine the line of treatment. It is also important to realize that radical surgery may 
at times be more conservative treatment than nonoperative management. In the 
series of cases of chronic pneumothorax reported by Hennell and Steinberg (4), 
in which intrapleural injections of glucose or of iodized oil, or of one followed 
by the other, were employed, the convalescence required from one to six months. 
In the larger series reported by Brock (3) the duration of convalescence was 
shorter but the patients had to have repeated chest aspirations, and at times 
the chemical pleuritis had to be reinduced by further injection of silver nitrate. 
The longest period of convalescence in any of our cases was two months and 
most of them were well within two weeks. There has been no recurrence in any 
of the reported cases, or in our series, and no serious complications. 


SUMMARY 


1. Eight cases of recurrent spontaneous pneumothorax, and 11 cases of 
chronic spontaneous pneumothorax of nontuberculous origin, are reported. All 
were cured by operative intervention. 

2. The recurrent pneumothoraces were found to be due to the rupture of 
peripheral, emphysematous blebs in 5 instances. No cause for the pneumothorax 
was found in 3 patients. 

3. In 2 recurrent cases the blebs were excised. In one, with multiple blebs, a 
fistula was closed and the pleural surfaces covered with tale and sulfanilamide. 
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In the remaining 5, 2 had multiple blebs and 3 had none; the pleural surfaces 
were coated with talc and sulfanilamide. “4 

4. The etiological factors in the cases of chronic pneumothorax were: rup- 
tured bronchiogenic cysts in 3; ruptured emphysematous cysts in one; mainte- 
nance of a bronchopleural fistula by the attachment of an adhesion to its edge 
in one; leakage from emphysematous blebs in 4; and no cause for the pneumo- 
thorax could be found in 2 instances. 

5. The bronchiogenic cysts were treated by excision of the cysts in 2 cases 
and by lobectomy in one. 

6. The emphysematous cysts were invaginated and the lung decorticated. 

7. The adhesion holding open the fistula was divided by the closed method. 

8. The cases in which a definite leak could be found were treated by suture 
of the involved area, and in 3 a decortication of the lung was also done in order 
that the lung might re-expand. 

9. The 2 cases in which no cause for the pneumothorax could be found re- 
quired decortication before the lung could be re-expanded. 


CONCLUSIONS 

The writers believe that open thoracotomy should be done on all patients with 
recurrent spontaneous pneumothorax of nontuberculous origin if there is not 
prompt response to simple aspiration of the air or to the induction of a chemical 
pleuritis. In all cases of chronic spontaneous pneumothorax of nontuberculous 
origin, it is believed that operation should be done by the closed method only for 
the division of isolated adhesions and by open thoracotomy. The open opera- 
tion makes it possible to deal with the etiological factor and to perform a decorti- 
cation in those cases in which it is needed. It is believed that binding adhesions 
play an important role in the chronicity of some cases. 


SUMARIO 


La Asistencia Quirtrgica del Neumotérax Espontdneo Recurrente y 
Crénico de Origen no Tuberculosos 


1. Los casos comunicados de neumotérax espontangp de origen no tuberculoso 
comprenden 8 de la forma recurrente y 11 de la crénica. Todos curaron con la 
intervencién cruenta. 

2. Los casos recurrentes resultaron ser debidos a la rotura de flictenas enfi- 
sematosas, periféricas, 5 veces, sin que se descubriera la causa en el resto. 

3. En 2 casos recurrentes se excindieron las flictenas. En uno, con flictenas 
multiples, se cerré una fistula y se recubrieron las superficies pleurales con talco 
y sulfanilamida. De los otros 5, 2 tenfan flictenas multiples y 3 no tenfan flic- 
tenas, recubriéndose también las superficies pleurales con talco y sulfanilamida. 

4. En los casos de neumotérax crénico, los factores etiolédgicos fueron: quistes 
bronquidégenos roturados en 3, quistes enfisematosos roturados en uno, manteni- 
miento de una fistula broncopleural por la unién de una adherencia a su borde 
en uno, escurrimiento de flictenas enfisematosas en 4, sin que pudiera descubrirse 
la causa en 2. 
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5. Los quistes bronquidgenos fueron tratados por excisiédn del quiste en 2 y 


por la lobectom{a en uno. 

6. Los quistes enfisematosos fueron invaginados, decorticandose el ptilmén. 

7. La adherencia que mantenfa la fistula abierta fué despegada por el método 
cerrado. 

8. Los casos en que pudo localizarse un escurrimiento bien definido fueron tra- 
tados por sutura de la zona afectada, y en 3 se practicé ademas una decorticacién 
del pulmén, a fin de que éste pudiera reexpandirse. 

9. Los 2 casos en que no pudo descubrirse la causa del neumotorax exigieron 


la decorticacién para que el pulmén pudiera reexpandirse. 
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THE SURGICAL IMPORTANCE OF THE ANATOMICAL DISTRIBUTION 
OF THE PULMONARY SEGMENTS'” 


EDWARD M. KENT 
(Received for publication May 5, 1949) 


An anatomical understanding of, and a universally accepted nomenclature for, 
the segments of the lungs are undoubtedly of little interest and importance to 
the members of the medical profession as a whole. Certainly these subjects have 
no interest to the lay public whatsoever; nevertheless, those of us present today 
have a vital interest in both. With the rapid advances which have occurred in 
the medical and surgical treatment of diseases of the lungs, there has been a cor- 
respondingly keen curiosity concerning the detailed anatomy of these structures. 
For the most part, those who have been bitten by this bug of curiosity, this desire 
to understand more fully the anatomy of the lungs, have come from the fields 
of anatomy, broncho-esophagology, phthisiology, radiology, thoracic surgery, 
and from those interested in any type of disease of the lungs. All have con- 
tributed in full measure to the advancement of our knowledge in this sphere. 

The actual anatomical factors have proved to be universally consistent by the 
very nature of things, and accordingly, all investigators have agreed rather com- 
pletely on the distribution of the segments of the lungs. Naturally, as anatomical 
research continues, we are confronted with an increasing number of anomalies 
or diversions from the pattern which we have come to accept as normal. Tre- 
menduous contributions have been made in our knowledge of the normal and 
atypical anatomy of the bronchopulmonary segments by Boyden and his co- 
workers (1, 2), Brock (3), Churchill and Belsey (4), Foster-Carter (5), Jackson 
and Huber (6), Scannell (7, 8, 9) and many others. 

The matter of arriving at a universally accepted nomenclature for the broncho- 
pulmonary segments has met with many obstacles. There have been numerous 
classifications offered, some overlapping the others in part, but a few have been 
quite differcnt and distinctive in terminology. Of course, all have represented the 
best thoughts on the subject by their various originators. Time simply does not 
permit a review of the many differing systems of nomenclature in this communi- 
cation. 

A revised edition of the Diagnostic Standards is in press at this time. When 
this revision was undertaken, the editors placed the responsibility for the selec- 
tion of one of the many classifications of the bronchopulmonary segments upon 
the membership of the American Association for Thoracic Surgery. The choice 
of this Association has been adopted for inclusion in the revised edition of 


!'From the Department of Surgery, Section of Thoracic Surgery, The University of 
Pittsburgh, School of Medicine, Pittsburgh, Pennsylvania. 

? Presented before the Medical Section, as part of the symposium on Segmental Broncho- 
pulmonary Anatomy, at the 45th annual meeting of the National Tuberculous Association, 
Detroit, Michigan, May 5, 1949. 
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Fic. 1. (Upper left) Jackson-Huber classification. Lateral view of diagram of broncho- 
pulmonary segments of the right lung. 

Fic. 2. (Upper right) Jackson-Huber classification. Medial view of diagram of broncho- 
pulmonary segments of the right lung. 

Fia. 3. (Lower right) Jackson-Huber classification. Lateral view of diagram of broncho- 
pulmonary segments of the left lung. 

Fic. 4. (Lower left) Jackson-Huber classification. Medial view of diagram of broncho- 
pulmonary segments of the left lung. 
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Diagnostic Standards. This considered action of the editors has been sincerely 
appreciated by the members of the Association for Thoracic Surgery. As a result, 
careful consideration of the entire matter has been undertaken, first by a specially 


Fic. 5. Solitary pulmonary evst o tht lung: (A) (Upper left) PA view. (B) (Upper 
right) Lateral view showing position in superior segment of right lower lobe. A segmental 
resection of this unit was emploved to remove the evst 

Fic. 6. (A) (Lower left) Solitary round lesion in apical segment of right lower lobe 
Patient is a 27-vear-old male. (B) (Lower right) Segmental resection of superior segment 
of right lower lobe removed lesion in toto. Frozen section revealed lesion to be papillary 
adenocarcinoma of metastatic origin Accordingly, no further resection was performed 
Had the lesion proved to be primary pulmonary malignancy, total pneumonectomy would 
have been performed at this operation. (Note: A primary site has not vet been found 


appointed committee, and finally by the membership of the Association at the 
annual meeting in New Orleans in March of this year. The unanimous vote of the 
Association approved and adopted the Jackson-Huber (6) system of terminology. 

In figures 1, 2, 3, and 4 may be seen illustrations of the Jackson-Huber classi- 


fication. The merits of this nomenclature include consistency, brevity, clarity, 
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and wide acceptance in this country. Since the necessity of a universally accepted 
and understood single classification of the bronchopulmonary segments is con- 
ceded on all sides, it is fervently to be hoped that universal approval and adop- 
tion of the Jackson-Huber nomenclature will follow on this continent, and pref- 
erably, in the entire world. We must talk the same language in order that we may 
understand each other immediately and without the necessity of maintaining 
in our minds the terminology of numerous, differing classifications. 

Che surgical application of this knowledge has progressed apace. This has been 
elaborated upon by Blades (10), Overholt and Langer (11), and by many other 
contributors. At the present time, the limitations and the over-all scope of this 
surgical technique have not been explored with finality. All admit that it is of 


great importance in the surgical treatment of extensive, bilateral bronchiectasis. 


Fic. 7. Solitary tuberculoma of lower lobe of left lung. Resection of superior segment of 


‘ 


left lower lobe of lung resulted in complete extirpation of the lesion: (A) (Left) PA view 


Lateral view 


In these patients, it is important that all normal pulmonary tissue be preserved, 
if possible. It has been pointed out that many such patients have superior seg 
ments of the lower lobes which are free of disease while all or some of the basal 
segments are involved in the disease process. In a much smaller percentage of 
patients, the basal segments are free of disease but the superior segments show 
bronchiectasis. Under such circumstances, the principles of segmental resection 
become of great importance and today they are widely practiced. Boiled down to 
a few words, these principles dictate the preservation of normal bronchopul- 
monary segments where possible in such instances of extensive, bilateral bron- 
chiectasis 

It must be admitted that there are still certain disadvantages encountered in 
the application of the principles enumerated above. Chief of these is a higher in- 
cidence of bronchopleural fistula and postoperative empyema than is the case 
with lobectomy. In addition, some surgeons have found that a previously normal 
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superior segment of the lower lobes has become the site of bronchiectasis after 
segmental resection of diseased basal units of the lobe. This has been called 
traction bronchiectasis by some workers. Kergin (12) has revealed that this com- 
plication was of some moment in his patients and he has adopted a method of 
suturing the superior segment of the lower lobe to the adjoining segment of the 
upper lobe to prevent distortion and excessive traction upon this preserved seg- 
ment during the process of re-expansion of the lung after surgery. 

Additional instances in which segmental resection has met with wide applica- 
tion include certain types of solitary pulmonary cysts (figure 5); solitary metas- 
tases (figure 6); solitary tuberculomata (figure 7); quiescent, solitary pulmonary 
abscesses and in certain benign pulmonary neoplasms such as hamartomata 
and fibromata. 


SUMMARY 


1. Anatomical knowledge of the typical distribution of the pulmonary seg- 
ments has been stabilized. 

2. Atypical or anomalous patterns for the bronchopulmonary segments are 
continually under investigation and the findings are being placed in the literature 
and will continue to be so explored and reported. 

3. A universally accepted and adopted system of nomenclature of the seg- 
ments of the lungs is imperative. A plea has been made in behalf of the Jackson- 
Huber classification. 

4. The surgical application of segmental pulmonary resection has been dis- 
cussed briefly and its advantages and disadvantages have been enumerated. 


SUMARIO 


Importancia Quirirgica de la Distribucién Anatémica de los Segmentos 
Pulmonares 


1. Nuestros conocimientos anatémicos de la distribucién tfpica de los seg- 
mentos pulmonares han sido estabilizados. 

2. Las formas atipicas o anémalas de los segmentos pulmonares se hallan con- 
tinuamente en investigacién, vertiéndose los hallazgos en la literatura, y con- 
tinuardn siendo explorados y comunicados. 

3 Un sistema de nomenclatura de los segmentos pulmonares, universalmente 
aceptado y adoptado, resulta imperativo. Abégase aqui por la adopcién de la 
nomenclatura de Jackson-Huber. 

4. Disctitense sucintamente la aplicacién quirtirgica de la reseccién segmen- 
taria y sus indicaciones, limitaciones y complicaciones. 
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Discussion of Symposium on Segmental Pulmonary Anatomy 


Dr. Norman J. Wilson, Brookline, Massachusetts: It is a real privilege to be permitted 
to discuss these papers of Doctors Jackson and Kent and their associates which have served 
to crystallize our concepts concerning the surgical and pathological anatomy of the lung. 
I am sure that every thoracic surgeon feels deeply indebted to them. 

I should like to re-emphasize the plea which Doctor Kent made for accepting the nomen- 
clature as outlined by Jackson and Huber. It would seem to be very essential that we all 
accept this standard nomenclature so that in the future we shall all talk the same language 
when speaking of the bronchopulmonary segments 

The localization of pulmonary pathology according to the bronchopulmonary segment 
involved is especially important in bronchiectasis which is a purely segmental disease 
process. It is also essential prior to instituting collapse therapy in tuberculous patients. 
At times it is impossible after collapse has been instituted to localize the pathology with 
accuracy. In the future, it would be ideal if internists, roentgenologists, and surgeons 
alike were to use the bronchopulmonary segments in expressing the location of the pathology 
and if this concept were taught to the medical students and resident staffs now in training. 

The advantages of segmental resection are conservation of lung tissue, less overdis- 
tention, and less distortion of the remaining segments. The disadvantages of segmental 
resection are: (1) The fact that, technically, it is a more difficult operation than lobectomy 
and most operators find a higher percentage of complications, especially early in their 
experience with the procedure. (2) Most pulmonary lesions during the acute or exudative 
phase cross the boundaries of the bronchopulmonary segment and do not lend themselves 
safely to segmental resection. At the recent meeting of the Association of Thoracic Surgeons, 
Dr. Robert Shaw of Dallas pointed out the increased morbidity associated with operating 


on lung abscesses during the acute or subacute phase as compared with the segmental 
resection of chronic lung abscesses or bronchiectasis. It would seem that this would also 
be true of tuberculosis in the exudative phase. 

Segmental resection finds its greatest usefulness in the treatment of patients with 
bilateral bronchiectasis where the conservation of lung tissue is imperative. It also finds a 


place in the treatment of chronic lung abscess, benign tumors, cysts, and tuberculomata. 
It has been used successfully in combination with lobectomy in the treatment of pulmo- 
nary tuberculosis, especially where the preservation of the basal segments of the lower 
lobe is desirable because of poor respiratory reserve or because of a contralateral lesion of 
questionable stability. It also is a useful procedure in removing tumors of unknown type 
for frozen section, If the tumor proves to be benign, nothing else is necessary. If the tumor 
proves to be malignant, more radical resection is indicated. 
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The most important technical problem is to carry out the dissection in the proper plane. 
The work of Boyden and other anatomists first pointed out the significance of interseg- 
mental veins. We have been deeply indebted on our service to Dr. Beatty Ramsay whose 
work pointed the way to finding safely the intersegmental plane and developed a technique 
for working in this plane without injuring adjacent segments. The intersegmental vein 
is the guide to the intersegmental plane and the important technical steps are to carry out 
the dissection on the side of the vein of the segment which is to be removed, and to keep 
the plane flattened so that the adjacent segment will not become tented and subjected to 
injury. Prior to using this technique, the incidence of empyema at the Overholt Thoracic 
Clinic fell between 20 per cent and 30 per cent. This technique was first used in September 
1948 and between that date and February 1949, 28 consecutive segmental resections were 
performed without an empyema or a serious complication. 

The advent of segmental resection has created new problems which must be solved. 
We must turn to the clinical physiologist for help because we must be able in the future 
to determine objectively just how much function we are saving in the various types and 
combinations of segmental resections. The question also often arises as to whether or not 
segmental resection is preferable to lobectomy in patients with unilobar bronchiectasis. 
Further clinical experience and physiological studies will be required before we can know 
the answers to many of these problems. It would seem that we should proceed with caution 
in applying segmental resection to disease processes of an inflammatory nature which cross 
the segmental planes, such as acute suppurative disease and tuberculosis. Because we cau 
now remove a bronchopulmonary segment with technical finesse does not necessarily mean 
that this is the operation or procedure of choice. It must be kept in mind that, although 
segmental resection is effective in the treatment of certain pathological processes, it has the 
potentialities of a boomerang in treating others. 


THE PHYSIOLOGICAL EFFECTS OF PNEUMOPERITONEUM UPON 
THE RESPIRATORY APPARATUS':?# 


GEORGE W. WRIGHT, RONALD PLACE, ann FRANK PRINCI 
(Received for publication May 4, 1949) 


INTRODUCTION 


The beneficial effects of pulmonary collapse have been variously explained 
by such factors as a diminution in pulmonary blood or lymph flow, a limitation 
of motion in the affected parts, stasis or hyperemia developing in the diseased 
tissues, and currently by a relaxation of the elastic forces present in the dis- 
tended lung. Although certain of the above changes do develop in the collapsed 
lung, their true role has not been critically demonstrated and, in our opinion, 
the fundamenial mechanism of the beneficial effects of collapse therapy remains 
an enigma. Even though acceptable proof of the modus operandi of collapse 
therapy is lacking, it is difficult to ignore the probable association between a re- 
duction in lung size, which appears to be common to all forms of collapse ther- 
apy, and the favorable influence of this type of treatment. Moreover, a correla- 
tion between the degree of lung collapse and the effectiveness of treatment 
seems logical, although this also lacks critical confirmation. 

The following study was undertaken in an effort to ascertain the quantitative 
aspect of variations in lung size consequent to pneumoperitoneum. In addition, 
observations concerning tidal air and minute ventilation under resting condi- 
tions were made before and after pneumoperitoneum in all cases, and in one a 
bronchospirometric study of the effect of pneumoperitoneum plus paralysis of 
the hemidiaphragm was carried out. In 10 cases, the effects of pneumoperito- 
neum upon the maximum breathing capacity were measured. The limited num- 
ber of cases studied is regrettable, especially as to the effect of adding a paralysis 
of the hemidiaphragm to an established pneumoperitoneum and also as to the 
use of binders. Nevertheless, as the observations appear to be unique in the ex- 
tant literature, and because it is not planned to pursue these investigations 
further in the immediate future, the limited data are published at this time. 


METHODS 


The degree to which the lung is distended at any moment is closely related to the vol- 
ume of gas contained therein. Variations of distention can therefore be determined by meas- 
uring the volume of air present within the lungs at a given phase of respiration. Some 


1 From the Department of Physiology, Edward L. Trudeau Foundation, Saranac Lake, 
New York. 

? Presented before the Medical Section, as part of the symposium on Laboratory and 
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Michigan, May 4, 1949. 
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search and Therapy of the American Trudeau Society, Medical Section of the National 
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consideration must be given to the fact that the volume of blood contained in the thorax 
will influence the gas content of the lung and is variable. If thoracic blood volume varia- 
tions occur outside the pulmonary parenchyma proper, e.g. in the great vessels or heart, 
the consequent change of lung gas volume accurately represents a modification of the de- 
gree of lung distention. If, however, a variation of blood volume occurs within the paren- 
chyma of the lung, the lung gas volume will show a concomitant change even though a 
modification of the degree of lung distention need not have occurred. Although a shift of 
blood from the abdomen and limbs into the thorax is believed to occur when the recumbent 
posture is assumed, there are no available data indicating the proportion which pools in 
the lung as opposed to the great vessels. The marked diminution in the size of the lung 
(during quiet breathing) that can be observed fluoroscopically to occur when the subject 
is changed from an erect to a recumbent position assures one that the difference in gas 
content of the lung measured in these two positions represents, in a large measure, a change 
in the degree to which the lung is distended. The elevation of intrapleural pressure known 
to occur when the body is shifted from the standing to the recumbent position is further 
evidence that this postural change reduces the degree to which the lung is distended. For 
present purposes and until knowledge to the contrary is presented, it appears reasonable 
to assume that a variation of the gas content of the lungs is indicative, though perhaps 
not a precise measurement, of a proportionate change in the degree of pulmonary disten- 
tion. 

In this communication, the volume of gas contained in the lungs at the end of a quiet 
expiration is termed the Functional Residual Air (FRA), at the end of a maximal expira- 
tory effort, the Residual Air (RA), and at the end of a maximal inspiratory effort, the 
Total Volume (TV). The volume of gas expelled by a maximal forced expiration beginning 
at the mid position (end of quiet expiration) is termed Reserve Air (ReA) and is the same 
as the difference between the FRA and RA. The volume of gas inhaled by a maximal forced 
inspiration beginning at the mid position is termed Complementary Air (CA) and is the 
same as the difference between the TV and FRA. The complementary air added to the 
reserve air constitutes the Vital Capacity (VC). 

The CA and ReA were determined by direct spirography. The FRA was determined by 
the method of Cournand, Baldwin, Darling, and Richards (1), using pure oxygen to rinse 
the nitrogen from the lungs. This method was modified (and will be described in detail in 
a subsequent publication) to permit the subject to record his CA and ReA with a spirom- 
eter and then receive oxygen through the open circuit, thus providing a correction for the 
FRA and allowing true duplicates of the entire pulmonary volumina. In the experience of 
the present investigators, the method of Cournand et al. has been entirely satisfactory, as 
it customarily provides duplicate determinations that are within a 3 per cent deviation 
from the mean. 

The tidal air and minute ventilation were calculated from the spirometer tracings. 

The Maximum Breathing Capacity (MBC) was determined by the method described by 
Hermanssen (5) using a specially constructed low-resistance valve and tubing (lumen 
1.5 inches in diameter throughout) and expiring into a Douglas Bag. Collections of thirty 
seconds each were made, the volume being expressed in liters per minute (wet) at 37°C. 
Duplicates within 5 per cent of the mean were required. 

Bronchospirometry in the single case was done as described previously (2). 


MATERIAL AND MANNER OF STUDY 


The pulmonary volumina were measured by suitable duplicates, with the sub- 
ject in the standing position after being erect for twenty or more minutes, and 
with the subject in the recumbent position (head only elevated by a thin pillow) 
after lying quietly for a minimum of twenty minutes. Pre-pneumoperitoneum 
studies were made within a week prior to the induction of the pneumoperito- 
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neum. Measurements during pneumoperitoneum were made in all cases forty- 
eight hours after the last refill and the data published herein are of the deter- 
minations made when pneumoperitoneum was considered to be fully established. 
The intraperitoneal pressure was generally +6 to +8 cm. of H,O in those cases 
evidencing a “‘good”’ elevation of the diaphragm and +12 to +18 cm. of H,0 in 
those evidencing a “limited rise’ of the diaphragm. Refills were usually 600 to 
900 cc. in volume every ten days to two weeks. 

The MBC was measured on the same day as the lung volume studies. Bron- 
chospirometry was carried out in the single case forty-eight hours after a refill 
both before and ten days after the hemidiaphragm was paralyzed. 

Satisfactory studies were made in the erect and recumbent positions on 17 
cases and in the recumbent position only on 2 additional cases. In some there 
was a pre-existing paralysis of the hemidiaphragm as indicated by an asterisk 
adjacent to the case number in table 2. In none was there evidence suggesting 
that there would be an impediment to the anticipated elevation of the dia- 
phragm, except Case 19, in which severe pulmonary emphysema (RA = 57 per 
cent of TV) was known to be present, and Case 18, in which severe generalized 
pulmonary fibrosis with a small lung was associated with a diaphragm already 
somewhat elevated prior to the induction of pneumopcritoneum. 


OBSERVATIONS 


The lung volume, MBC, and bronchospirometry data of Case 17 are presented 
in figure 1 and table 1. This case portrays the effects of change of body posture 
and of pneumoperitoneum that were observed to be common for the series of 
cases. Of greatest interest is the effect of posture and pneumoperitoneum upon 
the FRA. The size or state of distention of the lung for virtually the entire 
twenty-four hours of each day is represented by the FRA with a cyclic increase 
superimposed by the tidal air. There are also intermittent variations of volume 
of a magnitude greater than the tidal air which occur during sighing, coughing, 
laughter, or severe physical exertion. It is unfortunate that for technical reasons 
the lungs are customarily roentgenographed in the position of full distention, 
because this rarely assumed position of the lung has thus become firmly fixed in 
the minds of physicians as portraying the physiological state of the lung. There 
would be greater clarity of thinking about the volumetric effects of collapse 
therapy if the fluoroscope rather than the conventional roentgenogram were 
more commonly used. 

It has been shown previously that the gas content of the lungs is diminished 
by changing from the erect to the recumbent posture. The magnitude of this 
change as measured in Case 17 is indicated by comparing block A, with B, in 
figure 1, and for the series is shown in table 2, column A. The mean and ex- 
tremes of the change in this series are virtually identical with those of a group 
of 20 normal males slightly older than were previously studied in this labora- 
tory (3). It is apparent, therefore, that recumbency is of itself actually a true 
form of ‘collapse therapy.” 

The establishment of pneumoperitoneum markedly diminishes the FRA in 
the standing position. In some instances, it is as effective in this respect as is 
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a 


Fia. 1. The effect of pneumoperitoneum and of a combination of pneumoperitoneum 


plus paralysis of the hemidiaphragm upon the pulmonary volumina and Maximum Breath- 
ing Capacity of Case 17. 


A—In the erect position 
B—In the recumbent position 
C—Maximum Breathing Capacity 
1—Before pneumoperitoneum 
2—During pneumoperitoneum 
3—During pneumoperitoneum plus paralysis of the left hemidiaphragm. 
In A and B, the solid block is the Residual Air, the cross-hatched block is the Reserve 


Air, and the clear block is the Complementary Air. The Functional Residual Air is made 
up of cross-hatched plus solid blocks, and the Total Volume by all three blocks. 


TABLE 1 


The Effect of Adding Paralysis of the Left Hemidiaphragm to a Pre-existing 
Pneumoperitoneum as Measured by Bronchospirometry 


PNEUMOPERITONEUM PLUS 
PARALYSIS OF THE LEFT 
HEMIDIAPHRAGM 


PNEUMOPERITONEUM ALONE 


Right 


Left 


per cent 


M.V. 

Cons. 
CO, Output. 
V.C... 
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recumbency, a fact demonstrated by comparing A; with B, in figure 1. In others, 
it may be less effective or even more effective than recumbency alone, as shown 
by a comparison of columns B and A in table 2. For purposes of brevity, the com- 
plete data of the pulmonary volumina are not presented at this time. It can be 


TABLE 2 


The Effect of Pneumoperitoneum and Body Posture upon the Functional Residual Air and 
Mazimum Breathing Capacity 


CASE NUMBER A 


| 


Mean 


A: Per cent by which the Functional Residual Air was diminished when the body was 
shifted from the standing to the recumbent position. 

B: Per cent by which the Functional Residual Air, measured with the body in the 
standing position, was diminished by fully established pneumoperitoneum. 

C: Per cent by which the Functional Residual Air, measured with the body in the re- 
cumbent position, was altered by a fully established pneumoperitoneum. The sign indi- 
cates the direction of the change. 

D: Per cent by which the Functional Residual Air, measured with the body in the stand- 
ing position and without pneumoperitoneum, was diminished by a well-established pneu- 
moperitoneum and recumbent body posture combined. 

E: Per cent by which the Maximum Breathing Capacity was altered by a fully estab- 
lished pneumoperitoneum. 

* Pre-existing paralysis of the hemidiaphragm. 


stated, however, that, in addition to its effect on the FRA, pneumoperitoneum 
also reduces the TV and RA in the erect position, although it has relatively lit- 
tle effect on the CA. 

The FRA measured in the recumbent posture is still further diminished by 
the establishment of pneumoperitoneum, as demonstrated by comparing B; with 
B, in figure 1. This change occurred in 15 of the 19 cases studied, but in the other 


B Cc E 
6 @ i? 
2 30 +10 37 | 
3 26 -0 | 3 | —15 
‘ 4° 48 | —30 
5 29 57 —10 
6 49 | | 
7* 21 —12 30 CO 
8 15 36 —16 
9 23 —27 46 | <5 
10 25 —16 4s | 
11 33 —30 51 
12 44 —33 | 59 | —10 
4 13 16 -13 | 4 | 
15° 28 39 -17 | 41 | 
16 40 33 0 | 40 +16 
- 17 37 37 | | —12 
18 +6 | 
: 19 +13 —10 
32 30 46 
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4 there was either no further change or even a slight increase, as shown in col- 
umn C, table 2. There was no apparent reason for the failure of pneumoperito- 
neum to cause a further diminution of the recumbent FRA in Case 16. Rela- 
tively little effect was anticipated in Case 19 because this subject has severe, 
diffuse, obstructive emphysema with a relaxed abdominal wall. Studies in this 
laboratory (3) have shown that persons with severe obstructive emphysema fail 
to show an appreciable reduction of the FRA upon changing from the erect to 
the recumbent position. The lungs simply fail to collapse, behaving under these 
circumstances in a manner similar to that which can be observed when the tho- 
racic cage is opened at autopsy. As indicated in table 3, the use of a binder 


TABLE 3 


The Effect upon the Pulmonary Volumina of Applying an Abdominal Binder in the Presence 
of Pneumoperitoneum 


| | Func- | 

TOTAL | VITAL h.., | TIONAL | RESERVE | RESIDUAL 
VOLUME CAPACITY RESIDUAL AIR AIR 
am AIR | 


| 
| Liters 


Case 2 
Erect, without binder 2.95 
Erect, with binder 
Recumbent, without binder 


Case 14 
Erect, without binder.............. 
Recumbent, without binder 
Recumbent, with binder 

Case 19 
Erect, without binder 
Erect, with binder. . 
Recumbent, without binder 
Recumbent, with binder 


partially remedied this lack of pneumoperitoneum effect upon the FRA in Case 
19. The failure to diminish the recumbent FRA in Case 18, in spite of an intra- 
abdominal pressure of 20 cm. of H,0, is not clear. This patient had a very exten- 
sive fibrosis diffusely distributed throughout both lungs which was apparently 
the residuum of extensive tuberculosis. There was no clear evidence of severe 
obstructive emphysema and the MBC and the RA expressed as a per cent of 
TV were only slightly abnormal. The diaphragm was elevated and moderately 
limited in mobility. Some obscure factor prevented the anticipated further ele- 
vation of the diaphragm. The failure to establish a further diminution of the 
recumbent FRA in Case 2 appeared related to the fact that the anterior abdomi- 
nal wall was very flabby and lacking in tone as a result of multiple pregnancies. 
The patient would not wear a binder or tolerate high pressures. 

In the recumbent position, pneumoperitoneum reduced the TV and also the 
RA but had only a slight effect upon the CA. The marked change in lung size 
that resulted from a combination of recumbency and pneumoperitoneum is ap- 


| 
Liters Liters: Liters Liters | Liters 
2.08 | 1.61 | 1.34 | 0.47 | 0.87 
1.76 | 1.57 | 1.12 | 0.19 | 0.93 
1.91 | 1.67 | 1.20 | 0.24 | 0.96 ; i 
Recumbent, with binder............| 2.50 | 1.57 | 1.38 | 1.12 | 0.19 | 0.93 
| | | | 
| | 
2.45 | 1.72 | 1.87 | 1.08 | 0.35 | 0.73 ) 
2.30 | 1.46 | 1.22 | 1.08 | 0.24 | 0.84 
2.20 | 1.25 | 1.25 | 0.95 | 0.10 | 0.85 . 
1.99 | 1.05 | 1.02 | 0.97 | 0.02 | 0.95 } 
6.85 | 3.12 | 2.15 | 4.70 | 0.97 | 3.73 . 
5.04 | 2.50 | 1.82 | 3.22 | 0.68 | 2.54 
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parent in the contrast of B, and A, in figure 1 and by inspection of column D in 
table 2. This comparison reveals the most impressive effect of pneumoperitoneum 
upon the pulmonary volumina. 

The effects of paralysis of the hemidiaphragm added to an established pneu- 
moperitoneum were observed in Case 17 and are shown in figure 1, A; and B;, 
and in table 1. The RA was not appreciably altered in either the erect or recum- 
bent posture. The FRA was measurably, though not strikingly, diminished in 
both positions. The most marked change occurred in the CA which was reduced 
by 1.49 liters in the standing position and 1.76 liters in the recumbent position. 
Bronchospirometric studies made before and after the addition of a left hemidia- 
phragm paralysis in Case 17 are shown in table 1. Although the extent to which 
the left lung participates in each breath is measurably reduced by the paralysis, 
the ribs are apparently still an effective means of bringing about a cyclic dis- 
tention of the left lung. The effects of paralysis of the hemidiaphragm upon the 
pulmonary volumina and the dynamics of respiration appear to be the same 
in this case with a pneumoperitoneum as when the paralysis is induced in the 
absence of pneumoperitoneum. The size of the lungs at the end of quiet expiration 
is little if at all affected by the paralysis, but the lung on the paralyzed side is 
distended to a lesser extent with each ordinary breath and is further protected, 
although not entirely so, from periodic distention by deep breaths. The effects 
of pneumoperitoneum and paralysis cf the hemidiaphragm in this single case 
(supported by fluoroscopic and roentgenographic confirmation in this and other 
cases) were additive. 

The effect of applying a tight abdominal binder to an established pneumoperi- 
toneum was studied in Cases 2, 14, and 19. The data are shown in table 3. There 
was relatively little further change in the pulmonary volumina of Cases 2 and 
14, but quite a large change in all divisions of the volumina was observed in Case 
19. As noted earlier, pneumoperitoneum alone produced virtually no change in 
the lung size of Case 19. Since the diaphragm was low even in the presence of 
the pneumoperitoneum, the tightly applied binder had an opportunity to bring 
about an elevation of the diaphragm and thus effect a diminution of the pul- 
monary volumina. In Case 14, and to a lesser extent in Case 2, the diaphragm 
was already elevated as a result of the pneumoperitoneum plus the recumbent 
position, and a binder had little chance to force the diaphragm to a further 
elevation. 

The effect of pneumoperitoneum on the MBC is shown in table 2. In general, 
the reduction is relatively slight. This finding is readily explainable in view of 
the fact that a loss of stroke volume can be compensated for over a quite wide 
range by an increase of the number of breaths made in the 30 seconds allotted 
for the test (made possible because each stroke is smaller). These results confirm 
the data of Steinlin (4) who also observed only a slight reduction of the MBC in 
pheumoperitoneum. 

The tidal air and minute ventilation measured at rest were not appreciably 
changed by the establishment of pneumoperitoneum. Minor variations were 
noted but were inconstant and thought to be within the range of variations for 


untrained subjects. 


| 
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COMMENT 


Pneumoperitoneum, if fully established, is an effective method of reducing 
the size or state of distention of the lung. In this respect, it is more adequate 
than paralysis of the hemidiaphragm. Since the modern concept of the degree of 
collapse desired in intrapleural pneumothorax commonly makes use of less than 
a 50 per cent collapse of the lung, pneumoperitoneum plus recumbency is just 
as effective in collapsing the lung as is pneumothorax, unless virtually complete 
collapse of the lung is desired. 

The addition of a paralysis of the hemidiaphragm to an established pneumo- 
peritoneum in the single case studied affected the FRA only slightly, but did 
reduce the cyclic distention of the homolateral lung caused by quiet respiration 
and partially protected it against periodic deep breaths. This finding should in 
no way be construed to invalidate the use of hemidiaphragm paralysis in com- 
bination with pneumoperitoneum. It should indicate clearly, however, the need 
for more study of this combination of therapeutic methods, and seriously raises 
a question about their routine simultaneous use. 

The application of an abdominal binder as an adjunct to pneumoperitoneum 
deserves further study. If the lungs are already reduced in volume and the dia- 
phragm has ascended in the thorax to the limit imposed by factors intrinsic in the 
muscle itself, little seems likely to be further accomplished by a binder. If, 
however, the lung has not been appreciably reduced in volume because of in- 
trinsic pulmonary factors or a lax abdominal wall, a binder might be of consid- 
erable aid in further collapsing the lung. 

That pneumoperitoneum affects both lungs equally seems apparent from in- 
spection of the roentgenograms taken at various phases of breathing. Actual 
measurements of the roentgenographic changes in this series of patients may 
be published at a later date. It is possible, but as yet unproved, that the addition 
of a paralysis of the hemidiaphragm may selectively reduce the size of the 
homolateral lung in comparison to its contralateral mate. Inspection of the 
roentgenograms taken at the end of quiet expiration in the recumbent position 
shows little evidence of such a selective change. 

Since the pulmonary volumina of the erect person with a pneumoperitoneum 
closely simulate those of a recumbent person without pneumoperitoneum, it is 
tempting to think that pneumoperitoneum might be used as a substitute for 
recumbency when the latter is not feasible. The enhanced effect of the reduction 
of lung size when recumbency is added to pneumoperitoneum indicates the 
advantages of recumbency when feasible. 

The relatively slight reduction of MBC that results from pneumoperitoneum, 
together with the fact that it is a reversible form of treatment, makes it pos- 
sible to use this form of collapse therapy in cases of severe respiratory crippling. 


SUMMARY 


Pneumoperitoneum causes a marked reduction in the functional residual air, 
residual air, and total volume of a subject in the erect position. A similar though 
quantitatively less marked effect is observed when the subject is studied in the 


recumbent position. 
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The effects upon the pulmonary volumiaa and proportion of respiration per- 
formed by each lung (bronchospirometry), produced by adding a paralysis of 
the hemidiaphragm to a pre-existing pneumoperitoneum, were observed. A 
smail further reduction of functional residual air and a large reduction of com- 
plementary air, together with a reduction in function by the homolateral lung, 
resulted from the added paralysis. 

An abdominal binder caused a slight diminution of pulmonary volumina in 
two cases and a marked diminution in a third case when applied in the presence 
of pneumoperitoneum. 

The maximum breathing capacity was only slightly reduced by the induction 
of pneumoperitoneum. 


SUMARIO 
Efectos Fisiolégicos del Neumoperitoneo sobre el Aparato Respiratorio 


El] neumoperitoneo provoca marcada disminucién del aire residual funcional, 
el aire residual y el volumen total en un sujeto en posicién erecta. Obsérvase un 
efecto semejante, pero cuantitativamente menos pronunciado, cuando se estudia 
al sujeto, recostado. 

Estudiése también el efecto sobre los volimenes pulmonares y la proporcién 
de respiracién ejecutada por cada pulmén (broncoespirometria), producido al 
sobreponer una pardlisis del hemidiafragma a un neumoperitoneo preexistente. 
La pardlisis sobrepuesta agregé una peauefia reduccién del aire residual funcional 
y una gran reduccién del aire complementario, junto con una disminucién de la 
funcién del pulmén homolateral. 

Una faja abdominal ocasioné una leve disminucién de los voltimenes pulmona- 
res en dos casos y una pronunciada disminucién en otro caso, cuando se aplicé 
en presencia de un neumoperitoneo. 

La capacidad respiratoria m4xima apenas descendié por virtud de la induccién 
del neumoperitoneo. 
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INTRODUCTION 


The cooperative investigation of the effect of streptomycin in the treatment of 
tuberculosis by the Veterans Administration, Army, and Navy began in July 
1946. The cooperating investigators have abided by common protocols mutually 
agreed upon, governing indications for treatment, observations of results, and 
methods of reporting results (1). Beginning with the study of pulmonary tuber- 
culosis, the investigation was gradually extended until, at the end of its first 
year, all types of tuberculosis were included in its range. Comprehensive progress 
reports of the study have appeared on two occasions (2, 3). 

The general objective of the study has been to determine the efficacy and the 
limitations of streptomycin in the treatment of tuberculosis. Originally, relatively 
high daily doses, 1.8 or 2.0 Gm., were employed for 120 days. This stage of the 
investigation confirmed the observation that streptomycin exerts a favorable 
effect on the course of tuberculosis in man (1). In subsequent stages of the investi- 
gation variations of the original regimen have been explored, such as: lower daily 
dosages, shorter periods of administration, and reduction in the >*»mber of daily 
injections into which the total daily dose is divided. To date, streptomycin 
therapy has been completed in approximately 4,500 cases, exclusive of courses 
of treatment given for relatively short periods of time before and after certain 
surgical procedures. Approximately 2,000 cases of pulmonary tuberculosis have 
been treated. 

The purpose of this paper is to summarize certain aspects of this cooperative 
investigation since its inception, particularly with reference to the effect that 
variations in streptomycin regimen have had upon toxicity, the emergence of 
streptomycin-resistant strains of M. tuberculosis, and suitable clinical observa- 
tions. Primary emphasis will be placed upon the results of streptomycin treat- 
ment of pulmonary tuberculosis. 

1From the Tuberculosis Service, Veterans Administration Hospital, Minneapolis, 
Minnesota, and the Department of Medicine, University of Minnesota. 

? Presented before the Medical Section, as part of the symposium on Streptomycin and 
Tuberculosis, at the 45th annual meeting of the National Tuberculosis Association, Detroit, 
Michigan, May 3, 1949. 

* Presented in part before the Seventh Streptomycin Conference, V4terans Adminis- 
tration, Denver, Colorado, April 22, 1949. 

‘Sponsored by the Veterans Administration and published with the approval of the 
Chief Medical Director. The statements and conclusions published by the author are the 
result of his own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration. 
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METHODS 


Administrative control: Original plans for the investigation were formulated by repre- 
sentatives of the Veterans Administration, Army, and Navy in May 1946, with the advice 
of representatives of the Public Health Service, the National Research Council, and the 
National Tuberculosis Association (1). Continuity has been provided through a Streptomy- 
cin Committee of the Central Office, Veterans Administration. As the study has progressed, 
committees from among the investigators and the consultants to the study have been ap- 
pointed by the Streptomycin Committee, and since 1947 all decisions as to the course of the 
investigation have been the result of committee recommendations which were approved by 
the cooperating investigators. The Streptomycin Committee has continued to be responsi- 
ble for administration of the program in the intervals between semiannual Conferences 
which were held for the evaluation of results and for planning the future course of thestudy. 

Liaison between study units: Representatives of the Streptomycin Committee have visited 
all or most of the cooperating Study Units. Study Units have submitted monthly progress 
reports of their experience (bi-monthly since April 1948) which have been mimeographed 
and distributed to cooperating investigators. Streptomycin Conferences, of which there 
have been seven, have been held at intervals of approximately six months, to which all par- 
ticipating investigators, as well as consultants and other individuals interested, have been 
invited. In this manner there has been assured a considerable uniformity in the type of case 
treated, in the conditions of treatment, and in the observation and recording of results. 


Introduction of variations of streptomycin regimen: 


. July 1946: 1.8 Gm. a day (0.3 Gm. every 4 hours), later 2.0 Gm. (0.4 Gm. every 4 
hours 8 a.m. to midnight), for 120 days, employed in seven Study Units, increased to 
twenty-one Study Units in December 1946, all forms of tuberculosis 

. May 1947:2.0 Gm. a day (0.4 Gm. every 4 hours 8 a.m. to midnight), for 60 days, in seven 
Study Units, pulmonary tuberculosis only. 

3. May 1947: 1.0 Gm. a day (0.2 Gm. every 4 hours 8 a.m. to midnight), for 120 days, in 
seven Study Units, all forms of tuberculosis. 

. May 1947: 1.0 Gm. a day (0.5 Gm. every 12 hours) for 120 days, in seven Study Units, all 
forms of tuberculosis. 

. October 1947:0.5 Gm. a day (0.25 Gm. every 12 hours) for 120 days, in seven Study Units, 
pulmonary and laryngeal tuberculosis, and draining tuberculous sinuses only. 

. April 1948: 1.0 Gm. a day (0.5 Gm. every 12 hours, changed to 1.0 Gm. in a single dose 
daily in October 1948) for 42 days, all Study Units, all forms of tuberculosis. 

April 1948: 0.5 Gm. a day (0.25 Gm. every 12 hours, changed to 0.5 Gm. in a single dose 
daily in October 1948) for 42 days, in the majority of forty-eight Study Units, nearly 
all forms of tuberculosis. 

. April 1948:0.2 Gm. a day (in asingle injection) for 120 days, and for 42 days, in six Stud y 
Units, tuberculous draining sinuses only. 

. October 1948: 1.0 Gm. a day (in a single injection) (2.0Gm. a day in a single Study Unit) 
every third day for 120 days, eight Study Units, pulmonary tuberculosis only. 

. December 1948: 2.0 Gm. a day of dihydrostreptomycin (1.0 Gm. every 12 hours) for 42 
days, all Study Units, all forms of tuberculosis. 

. Variations have been permitted in the treatment of miliary and meningeal tuberculosis, 
but the majority of these cases have been treated with 2.0 Gm. a day for 120 days or 
longer. 

Random selection of cases on different streptomycin regimens: It was the original decision 

of the Streptomycin Committee to have the Study Units select suitable cases and then di- 
vide them at random into two groups, the one to be treated with streptomycin, the other to 
serve as controls. Adequate clinical material was not found to be available, and this plan 
was abandoned (1). The investigation of the original streptomycin regimen, 1.8 Gm. a day 
(later 2.0 Gm. a day) for 120 days provided no “‘controls”’ in the strict sense of comparing 
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treated cases with untreated cases. Beginni in May 1947, three regimens were investigated 
simultaneously, although each regimen was employed in only one Study Unit. Since April 
1948, there has been alternation of cases in most Study Units according to a statistically 
satisfactory method of random selection. 

Methods of reporting results: In the early stages of the study, results reported by investi- 
gators were pooled and compiled at the Streptomycin Conferences and reported in the 
Minutes of the first three Conferences. For the Fourth Conference (St. Louis, October 9-12, 
1947) (4) a beginning was made in the assembling of data in tabular form. For subsequent 
Conferences pertinent data have been assembled from the Study Units in advance of the 
meetings and collected by the Streptomycin Committee for distribution to members of the 
Conferences (5, 6, 7). These compilations have been in summary tabular form, permitting 
relatively little cross-tabulation of the effect of various variables, but for the Seventh Con- 
ference (Denver, April 21-24, 1949) (7) data on cases of pulmonary tuberculosis were assem- 
bled on simplified individual case report forms, permitting the reporting of a number of 
pertinent cross-tabulations. Since February 1948, a committee appointed by the Streptomy- 
cin Committee has been in the process of developing individual case report forms for the 
major portion of cases treated. The first of these forms, for pulmonary tuberculosis and for 
miliary tuberculosis and tuberculous meningitis, were distributed in May 1949. Results so 
reported are to be analyzed and processed with the assistance of the Medical Research 
Statistics Division, Central Office, Veterans Administration, permitting a range of inter- 
pretation considerably wider than that which has been possible thus far. Results presented 
in this paper are derived almost entirely from data reported to the last three Conferences 
(5, 6, 7). 

Reporting of change in tuberculous condition treated: In the absence of more objective 
criteria, investigators have been asked to report the results of streptomycin therapy not 
only in such terms as “‘improved”’ (and “‘healed”’ according to stipulated criteria), ‘‘un- 
changed’’, and “‘worse’’, but in different degrees of improvement and worsening. A ‘‘scale’’ 
which has been found to be practicable and to have a considerable degree of consistency of 
result has now been adopted. In employing the scale, investigators are requested to make 
every effort to assign uniform weighting to each point on the scale. The scale, which will 
also be employed in the individual case report forms, is as follows: 

. marked improvement 

. moderate improvement 

. Slight improvement 

. no change 

. slight worsening 

. moderate worsening 

. marked worsening 
For the Fifth Streptomycin Conference (5), changes were reported on a nine-point scale, 
which included extremes of very marked improvement and very marked worsening, but the 
simpler seven-point scale has now been adopted. 

‘*Jury’’ reviews: Desiring to increase the objectivity of the observation of results, on two 
occasions investigators have been requested by the Streptomycin Committee to submit 
roentgenograms of treated cases of pulmonary tuberculosis to an impartial “jury” of ex- 
perts for re-evaluation. The results of these two reviews have been reported (1, 5). 

Statistical interpretations: The nature of the data and of the method of reporting has not 
permitted elaborate statistical analysis of results. It has not been possible to employ means, 
standard deviations, tests for the significance of the difference of means, or the analysis of 
variance, Reporting of results in terms of percentage of total samples has, however, per- 
mitted the use of the chi-square test, and this test has been employed in this paper where the 
data have been regarded as suitable. Where statements are made as to the “‘significance”’ 
of differences noted, it is understood that the probability of the difference being due to 
chance, as determined by the chi-square test, is less than 0.05 (less than one chance in 
twenty). 
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OBSERVATIONS 
Toxicity 

It is now well known that the course of the Good Ship Streptomycin lies be- 
tween the Scylla of toxicity and the Charybdis of bacterial resistance. Fortunately 
both of these navigational hazards have now been well charted. 

In figures 1, 2, and 3 may be seen the incidence of the more important toxic 
manifestations present among patients treated on seven different streptomycin 
regimens. In figure 1 the differences for the incidence of vertigo are significant 
among the cases treated on the first five streptomycin regimens: 2.0 Gm. a day 


A. VERTIGO 


Percent of Cases 


B. ALTERATION OF RESPONSE TO CALORIC STIMULATION 


© 


Regimen 120 
Sid 


No.Cases 671 


Fic. 1. Incidence of vestibular toxicity on various streptomycin regimens (during treat- 
ment period) 


for 120 days*, 2.0 Gm. a day for 60 days, 1.0 Gm. a day for 120 days (with both 
5 and 2 injections a day), and 0.5 Gm. a day for 120 days. The differences are not 
significant among the cases treated on the following regimens: 0.5 Gm. a day for 
120 days, 1.0 Gm. a day for 42 days, and 0.5 Gm. a day for 42 days. Much the 
same differences are noted in figure 1 for altered response, both diminished and 
absent, to caloric stimulation (by the modified Kobrak technique), except that 
the differences between the two 1.0 Gm. a day for 120-day regimens are not sig- 
nificant. These figures clearly establish that, as the daily dose of streptomycin is 
reduced from 2.0 to 1.0 to 0.5 Gm. a day, with duration constant at 120 days, 


* Hereafter the regimen so designated will also be understood to include cases treated 
with 1.8 Gm. a day for 120 days. 
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there is significantly less vestibular toxicity; that, as duration of streptomycin 
therapy is shortened from 120 to 60 or 42 days there is less vestibular toxicity, 
although this decrease is less than in the case of reduction in the daily dose; and 
that, in the case of vertigo, reducing the number of injections of streptomycin per 
day, without otherwise altering the 1.0 Gm. a day for 120-day regimen, decreases 
toxicity somewhat. 

In figure 2 may be seen the data for the incidence of certain mainfestations of 
renal toxicity. Differences reported in diminished renal function are not signifi- 
cant among cases treated on the four regimens of higher total dosage nor among 
those treated on the three of smaller total dosage, but on the three latter (those 


A. DIMINISHED RENAL FUNCTION 


Percent of Cases 


Percent of Cases 


Cc. CYLINDRURIA 
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Regimen i 
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Fia. 2. Incidence of renal toxicity on various streptomycin regimens (during treatment 
period). 


of 0.5 Gm. a day for 120 days, and 1.0 Gm. or 0.5 Gm. a day for 42 days) there is 
significantly less interference with renal function than among patients treated on 
the first four regimens. With respect to albuminuria and cylindruria, the data in 
figure 2 suggest that streptomycin regimens of longer duration are more often 
associated with a high incidence of toxicity than are those with larger daily 
dosages. The effect of reducing streptomycin dosage, through reduction in daily 
dosage, or duration, or number of daily injections, is less in the case of renal 
toxicity than in the case of vestibular toxicity. 

The incidence of dermatitis, both mild and severe (figure 3), associated with 
streptomycin therapy, appears to be more related to duration of therapy than to 
daily dosage. Dermatitis is found to be present with significantly greater fre- 
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quency among patients treated on regimens of longer duration (120 days) than 
in patients treated for a shorter period (60 or 42 days), whether the daily dose is 
2.0 Gm., 1.0 Gm. or 0.5 Gm. With respect to drug pyrexia (figure 3), there is 
significantly greater toxicity only in the case of the patients treated on the first 
regimen, that of 2.0 Gm. a day for 120 days. 

In figure 3 are also presented the data for the frequency with which serious 
toxicity makes it necessary to terminate streptomycin therapy. There is found 
to be a significantly more frequent occurrence of this development between the 
two 2.0 Gm. a day regimens and the other five, and between the 1.0 Gm. a day 
for 120-day regimen in 5 divided doses and the remaining four. 


severe 


Percent of Cases 


Percent 


CESSATION OF THERAPY COMPELLED BY TOXICITY 


2 
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Regimen 42 
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No. Cases 1595 


Fic. 3. Incidence of other toxicity on various streptomycin regimens (during treat- 


ment period) 


The data presented in figures 1, 2, and 3 are summarized in table 1 which also 
includes the respective incidences of other toxic manifestations which are of lesser 
frequency and importance. From this evaluation it may be stated that, in general, 
there has been a reduction of streptomycin toxicity with the following modifica- 
tions of streptomycin regimens, listed in the order of their importance: (a) reduc- 
tion in daily dosage; (b) reduction in duration of therapy; and (c) decrease in the 
number of daily injections into which the total daily dose is divided. The effect 
of each of these variables has differed with the particular toxic manifestation 
studied. 

The data for these toxic manifestations are based upon observations during the 
treatment period. Follow-up data on some of the manifestations have been re- 
ported to the last three Streptomycin Conferences (5, 6, 7). These data indicate 
that, whereas there is little change six months or more after the end of treatment 
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in diminution of response to caloric stimulation, or in ataxia, the incidence of 
subjective vertigo is generally less than half that present during treatment. 
Follow-up data with respect to auditory function six months or more after the 
end of therapy indicate that slightly less disability is present, audiometrically 
and to the spoken voice. Late increase in the incidence of these toxic manifes- 
tations has not been observed in this study. 

Dihydrostreptomycin: Dihydrostreptomycin, in doses of 2.0 Gm. a day for 42 
days, has been employed by the Study only for the past four months. At the 
Seventh Streptomycin Conference, toxicity data were reported for this hydroge- 
nated product of streptomycin on the basis of 56 cases. The results are reported 
in figures 1, 2, and 3 and in table 1. 

The more important toxic manifestations are summarized in table 2. In this 
table, by comparing the toxic manifestation of dihydrostreptomycin on a regimen 
of 2.0 Gm. a day for 42 days, in the middle column, with that of streptomycin on 


TABLE 2 
Comparison of Toxicity of Streptomycin and Dihydrostreptomycin 


Drug* | DHSM 
Regiment 2/42 | 
Number of Cases 7 56 


Toxic Manifestation (Per cent of Cases) 


Vertigo | 62.7t | 
Altered response to caloric stimulation 68. 9t 

Dimin. renal function 10. 8§ 
Dermatitis 6.7§ | 
Cessation of therapy compelled by toxicity 6.48 | 5.4f 


*SM = streptomycin, DHSM = dihydrostreptomycin. 
+t Numerator of fraction designates daily dose in grams, denominator duration of treat- 


ment in days. 
t Difference between adjacent pairs statistically significant. 
§ Difference between adjacent pairs not statistically significant. 


a regimen of 2.0 Gm. a day for 60 days, to the left, it is possible to approximate 
a dose-for-dose comparison of the two drugs. A similar comparison based on iden- 
tical periods of therapy may also be made by comparing the incidence of toxicity 
on a streptomycin regimen of 1.0 Gm. a day for 42 days with a 42-day dihydro- 
streptomycin regimen of 2.0 Gm. daily. 

As the symbols for the statistical significances of the differences indicate in 
table 2, with dihydrostreptomycin there appears to be definitely less vestibular 
toxicity than with streptomycin, but no less impairment of renal function, derma- 
titis, or frequency with which toxicity causes cessation of therapy, when the two 
drugs are compared dose for dose. When streptomycin and dihydrostreptomycin 
regimens of the same duration are compared, 2.0 Gm. a day of dihydrostrepto- 
mycin is found to be associated with significantly more toxicity than 1.0 Gm. a 
day of streptomycin, except that the reported incidence of vertigo is not signifi- 
cantly different. These preliminary data therefore suggest that dihydrostrepto- 
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mycin is less toxic with respect to vestibular function, but not less toxic than 
streptomycin with respect to the other toxic manifestations mentioned. The 
number of cases treated with dihydrostreptomycin is small and it is anticipated 
that data reported to the next Streptomycin Conference will clarify the picture of 
the relative toxicities of the two related antibiotics. 


Sensitivity of Tubercle Bacilli to Streptomycin 


Throughout the streptomycin investigation, emphasis has been placed on 
determinations of sensitivity of tubercle bacilli recovered from patients before, 
during, and after completion of streptomycin therapy. Determinations were 
made at first in liquid media, more recently on solid media. Good comparability 
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Fic. 4. Percentage of organisms resistant to 10 y of streptomycin per ml. or more on 
various streptomycin regimens, at different times after start of therapy. 


of results was found, and the results for the two methods combined are presented 
in figure 4, in the case of tubercle bacilli which proved to be resistant to 10 y or 
more of streptomycin per ml. 

Differences for the three 120-day regimens (2.0 Gm., 1.0 Gm., and 0.5 Gm. of 
streptomycin daily) of daily administration are not statistically significant; nor 
do significant differences exist between these data and those obtained from the 
2.0 Gm. a day for 60-day regimen. Differences likewise are not significant be- 
tween the two 42-day regimens. As a consequence, the percentages of resistant 
organisms for regimens of identical duration h=e been combined and are pre- 
sented in figure 5. 

Disregarding the daily dosage of streptomycin, it appears that there is defi- 
nitely less emergence of resistant tubercle bacilli on a regimen of 42 days than on 
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regimens of either 60 or 120 days. The cumulative rates for the emergence of 
tubercle bacilli resistant to 10 y per ml. or more when streptomycin was ad- 
ministered daily appear to be: first month, 20 per cent; second month, 50 per 
cent; third and fourth months, 62.5 and 75 per cent, respectively. Interpolations 
for regimens of other duration may be made between these points with a fair 
degree of accuracy. 

Data have also been gathered for the percentage of organisms resistant to 100 y 
of streptomycin per ml. or more. Figure 6 presents these data for approximately 
500 cases treated on the 120-day regimens, in comparison with the resistance 
data for the 10 y per ml. level. As may be seen, there is a fairly close parallel 
between the two rates, although they are at two levels, significantly different 
from each other. 


120-Day Regimens 
60-Day Regimen 
42-Day Regimens 


4.3 day Regimens 
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Fic. 5. Percentage of organisms resistant to 10 y of streptomycin per ml. or more on 
various regimens, at different times after start of therapy. 


In figure 5, data are also presented for the rate of emergence of tubercle bacilli 
resistant to 10 y or more of streptomycin per ml. on a regimen of 1.0 Gm. ad- 
ministered every third day for 120 days. On this regimen, the rate of emergence 
of resistance per day of treatment appears to approximate closely that of daily 
injection, being, on the every-three-day regimen, one-third the rate of that with 
daily administration. Differences for this regimen from the data for the first three 
regimens (120, 60, and 42 days) are significant at all points in time up to 4 
months after the start of therapy. Moreover, significant differences also exist at 
four months between these data (every-three-day regimen) and the values ob- 
tained from the 120-day and 60-day regimens. 

Also shown in figure 5 are data for the rate of emergence of tubercle bacilli 
resistant to 10 y of streptomycin per ml. on a combined regimen of 1.0 Gm. of 
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streptomycin daily and 9 to 15 Gm. daily of para-aminosalicylic acid (PAS). The 
percentages of organisms resistant on this regimen are significantly lower than in 
the case of regimens of daily streptomycin administration without PAS for all 
points in time except six months after the start of treatment, and at this point 
are significantly lower than for the 120- and 60-day regimens. 

Thus, two methods appear to have promise in delaying the rate of emergence 
of resistant tubercle bacilli: spacing the administration of streptomycin farther 
apart; and combining streptomycin with such an agent as PAS, which has 
tuberculostatic properties of its own. 

Although data were presented by individual investigators at the Seventh 
Streptomycin Conference, which indicate that rates of emergence of resistant 
strains of tubercle bacilli vary with the type of lesion which predominates in the 
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Fic. 6. Percentage of organisms resistant to 10 y of streptomycin per ml. or more and 
to 100 y of streptomycin per ml. or more on 120-day regimens oniy. 


patient under treatment, it is not possible from the data reported to make this 
type of cross-tabulation until individual case reports are analyzed. It is probable, 
however, that the samples of cases reported for the different regimens do not 
differ appreciably with respect to such associated variables. 


CLINICAL MATERIAL 


Until analysis of cases reported on individual case report forms is complete, 
it is not possible to define with exactitude the composition of the clinical material 
treated with streptomycin as regards race, sex, and age. For the Seventh Strepto- 
mycin Conference (7) data are available for the nearly 1,500 cases of pulmonary 
tuberculosis most recently treated, which may be representative of the larger 
series. Seventy-four per cent were white; 23 per cent, Negro; and 3 per cent, 
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“other” or unknown. Eighty per cent were reported as aged 50 or under and 20 
per cent were over 50 years of age. A very small number, probably less than 2 
per cent, are female. 

The remainder of this report will be concerned chiefly with an examination of 
results obtained in the streptomycin therapy of pulmonary tuberculosis. It is 
based on data from approximately 2,000 cases which were observed for at least 
120 days after the start of therapy, and were treated on seven different regimens. 
For this purpose the two 1.0 Gm. a day for 120-day regimens (employing 5 and 2 
injections a day, respectively) have been combined, as results between the two 
subgroups appear to be identical. 


Characteristics of Cases of Pulmonary Tuberculosis 


It is desirable to determine as accurately as possible whether the cases treated 
on the different regimens are comparable. Greater assurance of comparability 
would have been available had more complete random selection been carried out. 
Examination will be made of the following characteristics of cases of pulmonary 
tuberculosis at the start of treatment, on which data have been recorded: stage 
of the disease, course of the disease during a pre-streptomycin observation period 
of two or three months; cavities demonstrable; and the predominance of exuda- 
tion, as judged by the individual investigators. The results are presented in 
figures 7 and 8. 

As shown in figure 7, the percentage of cases with far advanced disease at the 
start of treatment varied among the seven streptomycin regimens from 67.1 to 
78.4. The percentage of cases with moderately advanced disease varied from 19.7 
to 28.2, and of those with minimal disease from 0 to 5.4 per cent. Whereas there 
is not more than a 10 per cent difference between the stages of the disease among 
the cases treated on these regimens, certain differences are statistically significant. 
The lesions of the cases treated on the first three regimens employed: 2/120°, 
2/60, and 1/120 were significantly less far advanced (68 per cent average) than 
those treated on the four streptomycin regimens more recently studied, i.c., 
0.5/120, 1/42, 0.5/42, and 1 q.3 d./120 (77 per cent far advanced). Cases treated 
on the 1/42 regimen were reported as far advanced significantly more frequently 
than those on the 0.5/42 regimen. 

With respect to the percentages of cases with disease progressive prior to 
streptomycin therapy (figure 7), there is seen to be considerable uniformity (79 
per cent) among the cases treated on four regimens: 1/120, 2/60, 0.5/120, and 
1/42. The lesions in the cases treated on the 0.5/42 regimen were less progressive 
(73 per cent), however, and on the 2/120 and 1 q. 3d/120 regimens were least 
progressive (67 per cent). The latter differences are statistically significant. 

In figure 8 are illustrated the values for the percentages of patients with caver- 
nous disease and those whose disease was judged to be predominantly (more than 
50 per cent) exudative. With respect to the latter characteristic, the range of 

* Numerator of fraction indicates daily dose of streptomycin in grams; denominator 
indicates duration of therapy in days. The abbreviation q.3d. is used to designate “‘every 
three days.”’ 
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variation of percentage of cases on different regimens is 14 per cent (from 59 to 
73 per cent), with the exception of the cases treated on the 1 q. 3d./120 regimen. 
The lesions in the latter group were far less predominantly exudative (24 per 
cent) than those treated on the other regimens. Significant differences also were 
found between: cases treated on the 2/120 and 1/120 regimens; between those 
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Fic. 7, Characteristics of cases of pulmonary tuberculosis treated with streptomycin 
(at beginning of treatment). 


treated on the 0.5/120 and 0.5/42 regimens; and between those treated on the 
0.5/42 and 1/42 regimens. 

A peculiar situation exists with respect to the percentage of cases reported as 
being demonstrably cavernous (figure 8). In gathering the data for the Seventh 
Conference on cases treated by the last four regimens, the investigators were 
asked to report whether cavities were small, medium, or large in size. For pre- 
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vious Conferences, on cases treated by the first four regimens, information only 
with respect to the presence or absence of cavities was requested and recorded. 
As figure 8 indicates, with the two different methods of reporting, the cases 
treated on the last four regimens are reported to have a significantly higher per- 
centage of cavities. If, however, the data from the Seventh Streptomycin Con- 
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ference are re-examined and the cases treated on these four regimens which are 
reported as having small cavities are excluded, the percentages of cases reported 
as having medium or large cavities are not significantly different from those which 
were reported as cavernous on the first four regimens. The figures for per cent 
cavernous with this modification are given in table 3. 

In summarizing the comparisons among the cases treated on the various regi- 
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mens with respect to stage, pre-streptomycin course, per cent cavernous, and per 
cent predominantly exudative, it is seen that a considerable degree of uniformity 
exists. Where differences have been indicated as being statistically significant, 
they have not been large in terms of percentages and the probability of the differ- 
ences being significant has not been much less than 0.05. 

Only one major difference has been noted: the cases treated on the 1 q. 3d./120 
regimen are much less predominantly exudative than those treated on the other 
regimens. In addition, the disease of the 2/120 cases was slightly less far advanced 
and less predominantly exudative than the lesions in those treated on the other 
regimens, and the disease in the 0.5/42 cases was sligiitly less far advanced, less 
progressive (pre-streptomycin) and less predominantly exudative than the 1/42 
cases. Although included in figures 7 and 8, data on the characteristics of the 24 


TABLE 3 


Characteristics of Cases of Pulmonary Tuberculosis: Cases Reported as Cavernous, with 
Modificationst 
| TOTAL CAVITIES LARGE AND 
DEMONSTRABLE | NUMBER | DIUM CAVETIES 
| DEMONSTRABLE 
STREPTOMYCIN REGIMEN SES | CASES | 


Per cent | _ | Per cent 


| 


2 Gm./day—120 days** 

1 Gm./day—120 days*® 

2 Gm./day—60 days* 

0.5 Gm./day—120 days* 83 

1 Gm./day—42 days’ (946 | 815 ' 946 | 626 
0.5 Gm./day—42 days’ 300 , | 228 
1-2 Gm. q. 3d.—120 days’ 73 | 64 
2 Gm./day—42 days DHSM’ 21 100.0); 21 | 16 | 


* Superscript numerals indicate Streptomycin Conference from Minutes of which data 
are obtained. 

t See text for explanation. These data available only for regimens reported to the 
Seventh Streptomycin Conference. 


cases treated with dihydrostreptomycin have not been discussed in detail. In 
thus stressing the similarity of the cases treated on the different regimens, the 
assumption has been made, according to the preceding paragraph, that cases on 
all regimens are comparable with respect to the incidence of cavernous disease. 

It is advisable, in attempting to assess the therapeutic effect of streptomycin 
therapy of different regimens on the groups of cases so differentiated, to keep 
these differences in mind. But, until correlations or cross-tabulations are available 
from individual case report analyses, it will be difficult to determine the extent 
of allowance which should be made on their account. 

From data gathered for the Seventh Streptomycin Conference (7), however, in 
the case of the 42-day regimens, it is possible to draw certain tentative conclu- 
sions. The lesions of the more predominantly exudative cases improve more than 
those lesions which were judged to be less than 50 per cent exudative. Moderately 


| ber 
66.2 
63.5 
76.2 
76.2 
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advanced lesions improve more frequently than do far advanced lesions, and the 
improvement is more maintained (from the 42-day point to the 120-day point). 
Lesions which are stationary during the pre-streptomycin observation period 
improve least at 42 days, but slightly more than those which are progressive be- 
fore streptomycin at 120 days. Those lesions, relatively few in number, which 
were regressive prior to streptomycin therapy improved most frequently at both 
the 42-day and the 120-day point. 


Results of Treatment of Pulmonary Tuberculosis 


Examination will be made of the differences reported between cases of pul- 
monary tuberculosis treated on seven different streptomycin regimens in the 
following five respects: (/) change in certain clinical signs; (2) change in pulmo- 
nary lesions as determined by roentgenographic observation 120 days after the 
beginning of therapy; (3) incidence of relapse in pulmonary lesions, interpreted 
as worsening by roentgenographic observation after an initial improvement; (4) 
rates of “sputum conversion” by culture; and (5) mortality. 

Change in clinical signs: Data have been collected on cases treated on eight 
regimens with respect to reduction of fever present at the start of therapy and 
weight change. Moreover, for the first three regimens explored, changes in spu- 
tum volume were recorded. The collected figures for these data are presented in 
table 4. 

Approximately 40 per cent of patients treated on all regimens were reported as 
being not febrile at the time therapy was begun. In the remaining 60 per cent, 
febrile at the start of therapy, fever was reported as being not reduced in about 
one-eighth ; as being reduced, but not to normal, in about one-third; and as being 
reduced to normal in slightly over one-half. 

With respect to weight changes during the 120-day therapeutic period, the 
reported experience has been that 709 (38 per cent) of the 1,867 patients have 
had a weight gain of over 10 pounds; 68 (4 per cent) have had a weight loss greater 
than 10 pounds; and 1,090 patients (58 per cent) have had a weight change of 
between 10 pounds gain and 10 pounds loss, at the 120-day point. 

Among the patients on the three regimens for which decrease in sputum 
volume is reported (and the amount of decrease is not known), the incidence of 
decrease is considerably less for those on the 60-day regimen than for those on 
the 120-day regimens. 

Change in roentgenographic observation at 120 days: In figure 9 are shown the 
results of the investigators’ ratings of roentgenographic change for the results of 
treatment on seven streptomycin regimens. In this figure are represented the 
percentage of cases in which the disease improved and those reported as exhibiting 
marked improvement. 

Almost identical percentages of improvement of all degrees occurred with the 
first four regimens (2/120', 2/60, 1/120, and 0.5/120), averaging approximately 
80 per cent. Improvement was noted in 75 per cent of the cases on the regimen 


7 Numerator of fraction indicates daily dose of streptomycin in grams; denominator 
indicates duration of therapy in days. 
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TABLE 4 
Clinical Changes in Cases of Pulmonary Tuberculosis Treated with Streptomycin on Various 
Regimens during 120-day Treatment Period 


STREPTOMYCIN REGIMENS 


2 Gm./day | 1 Gm./day 2 Gm./day | 0.5 Gm./day 
120 days 120 days 6Odays | 120 days 
5° 5° 6* 


n 


| Febrile 3 Febrile 
Beg. Rx ~ | Beg. Rx 


All Cases | 


CLINICAL OBSERVATION 
Febrile 
Beg. Rx 


Febrile 


All Cases | 
All Cases 


Temperature during Therapy | 
Reduced to normal 166) 64 16) 40 37 
Reduced but not to normal | 4 25 14) 35 20 
Not reduced ll 10) 25 15) 
Tot. Temp. Elev. Beg. Rx 233/100, 62 261/100 66, 40/100 51) 72/100! 59 
Temp. not Elev. Beg. Rx 38,137 34) 39 49 50 41 


All Cases Treated 100, 79} (100122) (100 


Wt. During 120-d. Period 
Wt. gain over 10 lbs. 
Wt. change between gain 10 Ibs. and loss 10 | 
lbs. 
Wt. loss over 10 lbs 


All Cases Treated 
"hange in Sputum Volume 
Decreased in volume 71 | 295 74| 34 43 
Not decreased in volume 29; 108 | 26) 45/ 57 


All Cases Treated | 37 100| 398 | 100; 79 | 100! 122! 100 


| 
| STREPTOMYCIN REGIMENS 


1 Gm./day | 0.5 Gm./day 1-2 Gm. q. 3d. 
42 days 42 days 120 days 
7° 


| Febrile 


Febrile | 
Beg. Rx 


| Beg. Rx 


| All Cases 


| 
CLINICAL OBSE8VATION | 
' 


No. | % 


Reduced to normal 
Reduced but not to normal 
Not reduced 


Tot. Temp. Elev. Beg. Rx 
Norma! or Unknown Beg. Rx 


All Cases Treated 100)374 


No.| % | % |No.| % | % |No.| % | % |No.| % | % 
| No. | % No. % No. % No. % : 
155 | 41/179; 45) 17; 21) 50} 41 
204 54/198 50; 70| 55 
16 5| 21 5 7 9 5 4 
| 122 | 100 
( 
T 
ae 
| 
‘ | 
42 days 
& | Febrile | 3 Febrile | 3 
© | Beg. Rx| ~ | Beg. Rx| © 
< |< |< 
| % % | % % | % [No.| % | % 
Temperature During Therapy 
346, 54 101) 46 29| 74 5) 33 
235) 36 85, 38 7, 18 10) 67) 
66, 10, | 36, 16 3 8 0) 0 
647,100! 67/222'100| 39,100, 45) 15.100) 63 
| | a7) | 55, 9) | 37 
86100 2100 
731 
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TABLE 4—Concluded 


STREPTOMYCIN REGIMENS 


CLINICAL OBSERVATION 1 Gm./day 0s /day ine Gm. q. 3d 
ad 42 days 


Gm. 
42days | 42days | 120 days 
7° 7° 7 


‘ 


Wt. During 120-d. Period 
Wt. gain over 10 lbs. 
Wt. change between gain 10 lbs. and loss 10 
10 lbs. 
Wt. loss over 10 Ibs. 


All Cases Treated 241 | 100| 78 


* Numerals designate number of Streptomycin Conference from Minutes of which data 
are obtained. oH 

t Data on changes in sputum volume available only for first three regimens, reported in 
Minutes of Fifth Streptomycin Conference. 

t DHSM = Dihydrostreptomycin. 


employing 1.0 Gm. a day every 3 days for 120 days; in 70 per cent of those on 
1.0 Gm. a day every day for 42 days; and in 60 per cent of the cases treated with 
0.5 Gm. a day for 42'days. Only the results on the last named three regimens are 
statistically significantly different, both from the first four regimens mentioned 
and among each other, with respect to all improvement of pulmonary lesions by 
roentgenographic observation between the start of treatment and 120 days there- 
after. Table 5 presents the data of figure 9 as to the percentages of all improve- 
ment by roentgenographic observation, arranged according to the two variables 
in the regimens. The daily dose of streptomycin is presented in the horizontal 
axis, and the duration of therapy in the vertical. 

If the reports of change on roentgenographic observation indicated as moderate 
improvement and marked improvement (including very marked improvement) 
are analyzed in a similar manner, however, a number of differences between 
regimens are found to be significant (table 6). Moderate and marked improve- 
ment is more frequent on the 2/120 regimen (66 per cent) than on the 2/60 
regimen (52 per cent); on the 1/120 regimen (64 per cent) than on the 1/42 
regimen (47 per cent); on the 0.5/120 regimen (57 per cent) than on the 0.5/42 
regimen (41 per cent); on the 1/120 regimen (64 per cent) than on the 0.5/120 
regimen (57 per cent) ; on the 2/60 regimen (52 per cent) than on the 1/42 regimen 
(47 per cent); and on the last named regimen than on the 0.5/42 regimen (41 
per cent). Significant differences were lacking only between the following regi- 
mens: 2/120 and 1/120, and 0.5/120 and 1 q. 3 d./120. 

Referring to the preceding section on the relative roentgenographic improve- 
ment which could be anticipated from the differences in the characteristics of the 
disease, it will be observed that the 2/120 cases had the highest incidence of 
marked and moderate improvement (66 per cent), in spite of characteristics 
leading to the anticipation of relatively less improvement. Moreover, the cases 


732 
No. % No. % No. % No. % 
202 35 80 33; 26 33 0 0 
358 155 | 65) 51 65 2; 100 
12 2; 6 2 1 2; O 0 
1X) 2) 100 
i 
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Marked Impr. 


Percent of Cases 


Cai 
60 120 42 42 

No. of 

Cases 78 121 647 259 

Fic. 9. Percentage of improvement by roentgenographic observation in cases of pulmo- 
nary tuberculosis treated with streptomycin on various regimens (all observations 120 
days after start of therapy). 


TABLE 5 


Comparison of Roentgenographic Improvement at 120 Days among Seven Streptomycin 
Regimens in the Treatinent of Pulmonary Tuberculosis 


DAILY DOSE STREPTOMYCIN, GM. 
DURATION OF TREATMENT, DAYS 


| 1 | ; q. 3d. 


(Per cent of Cases) 


120 


60/42 79 - 70 * 60 


* Difference between adjacent pairs statistically significant. 
- Difference between pairs not statistically significant. 


TABLE 6 


Comparison of Marked and Moderate Improvement by Roentgenographic Observation at 120 
Days among Seven Streptomycin Regimens in the Treatment of Pulmonary Tuberculosis 


DAILY DOSE STREPTOMYCIN, GM. 
DURATION OF TREATMENT, DAYS 


(Per cent of Cases) 


120 - * 57 - 49 
| 


60/42 
* Difference between adjacent pairs statistically significant. 
- Difference between pairs not statistically significant. 


100 
All impr. 
80- 
60- 
40- 
20— 
= 82 - 80 - 80 - 76 
| 
2 i y | q. 3d. 
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treated on the 1/42 and 0.5/42 regimens, with characteristics leading to the 
anticipation of relatively more improvement, actually had the lowest. This was 
most marked in the 0.5/42 cases. 

These results are again illustrated, in a three-dimensional manner, in figure 10. 
From these data the following patterns begin to emerge: 

a. Among the four 120-day regimens, there is only a slight decrease in the per- 
centage of “‘all’’ improvement by roentgenographic observation as the daily dose 
of streptomycin is successively decreased from 2.0 Gm. to 1.0 Gm. to 0.5 Gm., 
and then to 1.0 Gm. every three days; no one of the differences is statistically 
significant. 


Daily Dose of Streptomycin 
2 gms ./day 1 gm./dey 0.5 gm./day 1-2 gms.q.3d 


Unch. & Worse 


Slight 
Improvement 
SeseD JO 


Percent of Cases 


> 
° 
a 
3 
a 


Improvement 


Moderate & Marked 


No. of Cases 
120-Day 
60/42-Day 78 
Fic. 10. Comparison of improvement in differing degrees by roentgenographic observa- 
tion among seven streptomycin regimens in the treatment of pulmonary tuberculosis, 
according to daily dose and duration of therapy. 


b. Among the same four regimens, there is more decrease with respect to the 
incidence of ‘‘marked and moderate” improvement with decrease in daily dosage, 
although the differences are statistically significant only between the 1/120 and 
0.5/120 cases. 

c. Among the three regimens of less than 120 days’ duration, there is signifi- 
cantly less improvement (of “marked and moderate” degree) on the two 42-day 
regimens than on the 2/60 regimen; and, on regimens of 42-day duration there is 
significantly less improvement of “any” degree or of “marked and moderate” 
degree when the daily dose is decreased from 1.0 to 0.5Gm.aday. With these 
regimens of shorter duration, the effect of decreasing daily dosage of strepto- 
mycin appears to be more marked than in the case of regimens of 120 days’ dura- 
tion. 
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d. When regimens of identical daily dosage are compared, there is in every in- 
stance a significant decrease in the per cent of cases reported as “markedly and 
moderately” improved as duration is decreased from 120 days to 60 or 42 days; 
and, in addition, a significant decrease for both the 1.0 Gm. per day and the 0.5 
Gm. per day comparisons for “all’’ degrees of roentgenographic improvement as 
duration is shortened from 120 to 42 days. 

1948 jury review: A brief word may be added concerning the roentgenographic 
changes found by a “jury” which in March 1948 (5) conducted a review of pul- 
monary tuberculosis cases treated on three streptomycin regimens. 

There was no statistical difference between improvement in any degree or any 
combination of degrees at the 120-day point among cases treated on the three 
regimens reviewed: 2.0 Gm. per day for 120 days, 2.0 Gm. per day for 60 days, 
and 1.0 Gm. per day for 120 days. 

The mechanics of the jury review made it possible to make comparisons both 
at 60 days and at 120 days after the start of streptomycin therapy. Comparison 
of results at the 60-day point between the two 2.0 Gm. per day regimens, both 
therefore treated identically up to this point, indicated that in all probability 
the cases selected for treatznent on the 2.0 Gm. per day for 120-day regimen 
differed significantly from those selected for treatment on the 2.0 Gm. per day 
for 60-day regimen. For there was significantly less improvement in the former 


cases. 
The jury review indicated that at 60 days treatment with 2.0 Gm. per day is 
superior to that with 1.0 Gm. per day, for the differences at this point in time 


between these two regimens are statistically significant for all degrees of im- 
provement. As the report of this jury review points out, however (5), the least 
amount of improvement occurs with the 2.0 Gm. per day for 60-day regimen 
between the 60-day point and the 120-day point, so that the percentages of im- 
provement at 120 days between the two regimens are not significantly different. 
If further observation and analysis substantiate this conclusion, it might be 
concluded that larger doses for shorter periods of time lead to results equal to 
those of smaller doses for longer periods of time, in the range of the variables 
covered by the jury review. 

Relapse rates by roentgenographic observation: Figure 11 gives the rates for relapse 
by roentgenographic observation, defined as worsening after initial improvement, 
for cases treated on the seven streptomycin regimens. A considerable uniformity 
of rate of relapse as a function of time is reflected by these figures, especially for 
the 2/120*, the 2/60, the 1/120, and the 1 q. 3d./120 regimens. Differences be- 
tween these rates are not statistically significant. In figure 11 only one curve is 
used to depict the relapse rates for both 42-day regimens as they are practically 
identical. The relapse rates for these two regimens, and for the 0.5 Gm. per day 
for 120-day regimen, are in all probability significantly higher than for the other 
regimens, although the possibility of differences in reporting must always be 
taken into account. When results from individual case report forms are avail- 
able, and it is possible to be more certain of the accuracy of these observations 


® Numerator of fraction indicates daily dose of streptomycin in grams; denominator 
indicates duration of therapy in days. 
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than in such summary reporting as has been in use, it is quite possible that a 
just basis will be provided for the reserve with which investigators have employed 
the regimens of these lower total dosages. 

“Sputum conversion”: Figure 12 gives the data for “sputum conversion” by 
culture. The criterion for conversion was “negative sputum” and/or gastric 
cultures for a minimum period of three months. There is again a considerable 
uniformity in this regard <mong the cases treated on the different regimens. 
Until individual case analysis data are available, it has not been felt worth while 
to subject these data to statistical analysis. 


so 


Regimen 


N 


1.8-2/120 


Percent of Cases Relapsed 


1.0/120 
60 
0.5/120 


0.5-1/42 


fo} 


o—o-—o q. 34. /120 


2 7-12 13-18 19-24 
Post-streptomycin observation, in months 


mos, Rx period 
Duration of Observation After Start of Therapy 
Fic. 11. Rates of relapse (worsening after improvement) by roentgenographic observa- 
tion in streptomycin-treated cases of pulmonary tuberculosis (according to regimen and 
duration of observation). 


Table 7 may be studied in conjunction with figure 12, for it gives the fre- 
quencies with which collapse therapy is reported as having been used on the 
different regimens at different points in time. Data on the various types of col- 
lapse employed are not available. In general, less collapse therapy was employed 
in the earlier regimens, and the apparently higher “sputum conversion” rates 
noted for the two 42-day regimens (top curve in figure 12) may well be more 
related to the higher frequency with which collapse was employed in these cases 
than to the streptomycin therapy. Much more thorough analysis will be required 
to clarify the relative effects of collapse therapy and of streptomycin therapy on 
“sputum conversion” rates. 

Mortality: Figure 13 gives the data for cumulative mortality rates. It is to be 
noted that the three lowest rates are those for the three regimens with the larg- 
est total dosages (2.0 Gm. per day for 120 days, 1.0 Gm. per day for 120 days, 
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Cases 


Regimen No.of 
Cases 
1.8-2/120 362 


1.0/120 655 
2.0/ 60 101 
122 
0.5-1/42 835 
o—o—o 9. 34./120 72 


of 


Percent 


7-12 13-18 


Time of Report, mos. after start of Therapy 


Fic. 12. Rate of sputum conversion by culture in streptomycin-treated cases of pulmo- 
nary tuberculosis at various intervals after start of treatment (according to regimen). 


TABLE 7 
Employment of Collapse Therapy in Patients with Pulmonary Tuberculosis Treated with 
Streptomycin on Various Regimens 


DURING TREAT- | TIME OF REPORT AFTER THE END OF TREATMENT 
MENT PERIOD 


(120days) | 13-18 months | 19-24 months | 25-30 months 


STREPTOMYCIN REGIMEN 


| Collpsd. Collpsd. 


Collpsd. 


| No. ; 


No. 


No. Patients 
Followed 
No. Patients 
Followed 
No. Patients 
Followed 
No. Patients 
Followed 
No. Patients 
Followed 


2 Gm./day—120 d. 375% | 12) 3.2 375* 113 j30.1 |1572|43.5) 3267 {1553 

1 Gm./day—120 d | 45/11.3) 3988 655* 670" 

2 Gm./day—60 d... an 1) 0.9) 1148 .2} 1018 | 48$]47.4| 1227 | 

0.5 Gm./day—120 d 6) 4.9 | 06/49.7) 

1 Gm./day—42 d.... 423/61.2| 

0.5 Gm./day—42 d. 7 | 144/51.2) 

1-2 Gm. q. 3d. for 120 days . | 


Totals to date 2,064 | 685)31.3) 634 | 217/34.) 1,265 526 [41.6] 1,154 575 |49.9| 326 | 


* Superscript numerals identify Streptomycin Conferences from Minutes of which data are obtained. 

t Data “during treatment period” for this regimen only for 60 days (not 120 days). 

t Number of collapse cases calculated as follows: per cent collapsed during treat t (first column) added to 
per cent collapsed since end of treatment (from Minutes of Streptomycin Conferences), to give total per cent col- 
lapeed; this per cent applied to number of cases followed to give number of cases collapsed. 


and 2.0 Gm. per day for 60 days). In figure 13 the mortality rates for the two 
42-day regimens and that for the 0.5 Gm. per day for 120-day cases are signifi- 
cantly higher than for the cases studied on the three earlier regimens. 
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Extrapulmonary Tuberculosis 


It would be desirable to analyze the effects of different streptomycin regimens 
on various tuberculous conditions in a manner similar to that in which cases of 
pulmonary tuberculosis have been analyzed. This is not possible in most instances 
for the two principal reasons that the number of cases of each condition treated 
on each regimen have been relatively small and the data defining the extra- 
pulmonary conditions are less complete. It is therefore necessary to make certain 
assumptions, such as that cases treated on different regimens are roughly com- 
parable in all important respects, and to interpret differences noted with greater 
reserve than in the case of pulmonary tuberculosis. 

In a few tuberculous conditions treated with streptomycin, such as tuber- 
culosis of the alimentary tract, tuberculosis of the pericardium, peritoneum, 


30 
Regimen 


2/120 (362) 

/i20 (670) 

(122) 

(134) 

(934) 

(363) 

9.34/120 ( 85) 


Percent Died 


7-12 13-18 19-24 25-30 


mos, Rx period Post-streptomycin observation, in months 
Duration of Observation after start of Therapy 
Fia, 13. Mortality rates in streptomycin-treated cases of pulmonary tuberculosis, 
according to regimen and duration of observation. 


skin, eye, and ear, results have been reported to successive Streptomycin Con- 
ferences in summary form disregarding differences in results according to strep- 
tomycin regimen. In these conditions individualized types of analyses have been 
required. Streptomycin-treated cases of tuberculous enteritis (8) and of tuber- 
culous peritonitis (9) have been so studied and reported, and studies are now 
under way in the instance of tuberculous pericarditis (10), tuberculous otitis 
media (11), tuberculosis of the skin (12), and of the eye (13). 

Tuberculous tracheobronchitis, laryngitis, lymphadenitis, and sinuses and 
fistulae: Table 8 presents figures for the incidence of healing, improvement, 
absence of change, and worsening, in cases of tuberculous tracheobronchitis, 
laryngitis, sinuses and fistulae, and lymphadenitis, according to the streptomycin 
regimens employed. 
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TABLE 8 


Changes in other Tuberculous Lesions Treated on Various Streptomycin Regimens 
During Treatment Period (120 Days) 
STREPTOMYCIN REGIMENS 


5G 5 Gm./ 
_ |2 Gm./day|1 Gm./day 1 Gm./day 
TUBERCULOUS CONDITION 120 days 120 days 42 days 42 days 120 days 
(6*) 
No. | % | No.| % No. | % 
Tracheobronchitis 
Healed 


Improved 


Healed and Improved 
Unchanged 
Worse 
Unknown 


Total Cases 


Laryngitis 
Healed 
Improved 


Healed and Improved 
Unchanged 
Worse 
Unknown 


Total Cases 88 41 | 100 


(Sinuses, § 
retreat- 
ment) 


Sinuses and fistulae 
Healed 
Improved 


Healed and Improved 
Unchanged 
Worse 


Total Cases : 11 | 100 | 430) 100 


2andiGm/day | 
120 days (acute 
only) 


Lymphadenitis 
Disappeared 
Improved 


Disappeared and Im- 
proved 


* Numerals designate number of Streptomycin Conference from Minutes of which data are obtained. 


739 
0.2 Gm./ | 0.2 Gm./ All 
day day Cases 
120 days 42 days ; 
(6°) (7°) (s-7") 
No. | % | No. No.| 
123) 59 
23) 42) 8! 18| 11] 18] 17] 4 64) 30 
89| 51| 85! 37) 95 187| 89 
7/10} 3] 7 1 2; & 13} 6 ¥ 
1 2 1 2 0 0 0 0 2 l 
0 0 1 2 5 13 0 0 9 4 
67 100| 45/100! 60/100; 100 211} 100 i] 
38| 49) 56| 39) 22) 54 6| 28 134) 45 
28 | 32) 36) 21, 14) 34) 13) 62 36 
51 | 84! 81) 55| 63! 88! 39! 90 242) 81 
s| s| 3] 3] 2] 3] 7] @ 32) 11 
o| 1 1 8} 9] 2] 1 5 4 
5 8 4; § 2 3 0 0 1 5 il 4 
| 21 100 296| 100 
| (Fistulae Sinuses, s 
only) retreat- 
ment) 
110| 87 | 162} 70) 14] 74] 17) 2| 6] 55|320| 75 
10 23] 3/ 16 14 6| 40 33 27] 82) 19 
95 | 218/ 93/| 90! 20/ 90| 15/100! 3/100; 9! 402) 94 | 
i 1 0; 1 5 1 5 0; O| O| 2] 8 1 | 
No. % | 
12 of sie 15| 21 
18 50 14| 56 45 36) 52 
Unchanged 4 11 11 44 2/| 22 17| 24 
Worse 2 6 0; o| | 38 
Total Cases 36 100 25/100! 9 | 100 70| 100 
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Examination of the figures in tuberculous tracheobronchial and laryngeal 
lesions during the 120-day treatment period reveals some inconsistencies, indi- 
cating that cases treated on different regimens may not have been entirely com- 
parable, but they do reflect a generally favorable response of these conditions 
to streptomycin therapy in all variations of regimen investigated. Results in the 
treatment of tuberculous laryngitis appear slightly less satisfactory than in the 
treatment of tuberculous tracheobronchitis. Accurate data are not available with 
which to compare variations in therapeutic response with the type of lesion 
present at the start of treatment. When healing occurred, it did so, on the aver- 
age, after six to eight weeks of therapy. 

According to the figures in table 8, the response of both tuberculous sinuses 
and fistulae (the latter defined as communicating with a body cavity) to strep- 
tomycin therapy, with respect to per cent improved and healed, is uniformly 
excellent. With respect to the per cent healed (excluding those which merely 
improved), there may be a slightly less favorable response in cases treated on the 
regimens of smaller daily dosage. At the Seventh Streptomycin Conference a 
report was made from the Veterans Administration Hospital, Oteen, North 
Carolina (14), on results of treatment with 0.2 Gm. a day for 42 days. This analy- 
sis appeared to indicate that, on a daily dosage of this order, draining tuber- 
culous sinuses respond less rapidly and less favorably to streptomycin than on 
regimens of larger daily dosage, and that 0.2 Gm. of streptomycin a day is at or 
near the lower level of therapeutic efficacy for this condition. 

The data in table 8 for tuberculous lymphadenitis treated with streptomycin 
are relatively inconclusive, although it is suggested that the results of treatment 
with smaller doses for shorter periods of time are slightly inferior to those of 
treatment with larger doses for longer periods of time. 

Genitourinary tuberculosis: A special study of cases of genitourinary tuber- 
culosis treated with streptomycin has been made at the Veterans Administra- 
tion Hospital, Bronx, N. Y. (15).* Figures compiled for the Fifth, Sixth, and 
Seventh Streptomycin Conferences (5, 6, 7) suggest that there are no important 
differences according to streptomycin regimen (2.0 Gm. and 1.0 Gm. a day for 
120 days, 1.0 Gm. and 0.5 Gm. a day for 42 days) for the following observations: 
disappearance and improvement of urinary symptoms; changes in pyelographic 
and cystoscopic observations; and changes in genital lesions. Improvement in 
urinary symptoms is reported in approximately 90 per cent of all treated cases, 
in cystoscopic observations in approximately 80 per cent, in genital lesions in 
approximately 50 per cent (in many instances associated with surgical pro- 
cedures), and in pyelographic observations in approximately 25 per cent. 

Figure 14 shows the “urinary conversion” rates by culture of 140 cases of 
genitourinary tuberculosis treated on three regimens, in all of which urines posi- 
tive for tubercle bacilli were demonstrated at the start of treatment. According 
to this criterion of the results of streptomycin therapy, which is more objective 

* In this article the authors have made a detailed analysis of these streptomycin-treated 
genitourinary cases. The reader is referred to it for more careful assessment of the variables 
of treatment of genitourinary tuberculosis than is here possible. 
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and probably of more clinical significance than those referred to in the preceding 
paragraph, it is observed that a regimen of larger daily dosage and longer dura- 
tion (2.0 Gm. a day for 120 days) appears to exert a more favorable influence on 
the results. Probably because the numbers of cases treated on the different regi- 
mens are not large, the differences between the percentages of “urinary conver- 
sion” indicated are significant in only one instance. The percentage of cases 
with urine “converted” at 120 days after the start of treatment on the regimen 
of 2.0 Gm. a day for 120 days (83 per cent of 65 cases) is significantly greater 
than the percentage of cases with urine “converted” on the regimen of 1.0 Gm. 
a day for 42 days (55 per cent of 40 cases). Differences between the percentages 
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Fic. 14. Percentage of urines negative for tubercle bacilli by culture in streptomycin- 
treated patients with genitourinary tuberculosis during post-treatment follow-up period. 


of “urinary conversion” during the follow-up period indicated in figure 14 are 
not significant in any instance. 

Tuberculosis of bone, joint, and cartilage: In cases of tuberculosis of bone, joint, 
and cartilage reported to the Fifth, Sixth, and Seventh Streptomycin Conferences 
(5, 6, 7), the cooperating investigators were reluctant to draw conclusions as to 
the significance of results obtained with the several regimens. A review of ap- 
proximately 100 cases, conducted in March 1948 and previously reported (3), 
has therefore been relied upon to a considerable extent. It indicated that, whereas 
6 per cent of the lesions were improving and 70 per cent becoming worse prior 
to streptomycin therapy, 40 per cent of the lesions improved during the 120-day 
therapeutic period and 70 per cent showed improvement, as compared with the 
condition at the start of therapy, at the end of a post-streptomycin observation 
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period averaging 4 months (8 months from the start of therapy). It is planned 
that another review of such cases, with a longer follow-up period, will be carried 
out in the autumn of 1949.” 

From the data gathered at the review of cases of tuberculosis of bone, joint, 
and cartilage conducted in March 1948 (16), additional analysis has indicated 
that results of streptomycin treatment in these conditions may be superior with 
2.0 Gm. a day to those with 1.0 Gm. a day; and that longer duration of therapy 
(over 120 days) may be associated with a greater frequency of improvement by 
roentgenographic observation than shorter durations of therapy (under 120 days). 
Figures 15 and 16 present these data. Because the number of lesions reviewed 
was relatively small (105), statistical tests do not prove that the observed differ- 
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Fic, 15. Effect of dosage on incident and rate of roentgenographic improvement of 
tuberculosis of bones and joints treated with streptomycin (1.0 to 2.0 Gm. for 100 to 102 
days in 85 per cent of cases). Review by Doctor Ghormley. 


ences between the regimens are significant. If the trends noted continue in the 
larger series which is to be reviewed, however, the differences would acquire 
increasing statistical significance. 

Miliary tuberculosis and tuberculous meningitis: Patients with miliary tuber- 
culosis and tuberculous meningitis have been treated on a variety of therapeutic 
regimens. The majority of patients have received at least 2.0 Gm. a day of strep- 
tomycin intramuscularly, and patients with tuberculous meningitis have re- 
ceived, in addition, 50 mg. (originally 100 mg.) of streptomycin intrathecally 
three times a week. 

” This review was held September 17-18, 1949. The results will be published in the 
Vinutes of the Eighth Streptomycin Conference, November 10-13, 1949, Atlanta, Georgia. 
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120 days 7 17 ll 
101-120 ** 54 71 5 
100- aie 10 17 9 


Fic. 16. Effect of duration of therapy on rate of roentgenographic improvement of 
tuberculosis of bones and joints treated with streptomycin, all lesions (1.0 to 2.0 Gm. 
for 100 to 120 days in 85 per cent of cases). Review by Doctor Ghormley. 
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Fic. 17. Cumulative mortality of cases of miliary tuberculosis and tuberculous menin 
gitis treated with streptomycin, at various intervals after the start of therapy. 


An analysis of the first 100 cases treated has been made (17) and a follow-up 
of the same group was carried out in the spring of 1949 (18). Results of the 234 
‘ases Which have been treated and reported to date, presented only with respect 
to cumulative mortality, are given in figure 17. 
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With the increasing realization that comparatively favorable initial results 
are tempered by a steadily mounting death rate with the passage of time, usually 
because of the development of meningitis in patients who previously had acute 
miliary tuberculosis and relapses in those with meningitis, a number of variations 
of streptomycin therapy have been explored. These include: interrupted therapy 
in various forms; the omission of intrathecal therapy; and the combined use of 
two or more antimicrobial drugs. Data permitting cross-tabulations of results 
are only available with respect to the latter, and these are presented in figure 18. 
The chief drug used in addition to streptomycin in this series has been Promin 
(sodium p,p’ -diamino-diphenylsulfone-N,N’ didextrose sulfonate), given intra- 
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Fic. 18. Mortality of cases of miliary and meningeal tuberculosis treated with strep- 
tomycin and combined therapy, at intervals after start of therapy. 


venously in a daily dosage of 4.0 Gm. during two of every three weeks. Figure 18 
does not suggest that such combined chemotherapy has improved the mortality 
experience in miliary and meningeal tuberculosis over that for treatment with 
streptomycin alone. 


DISCUSSION 
It has been the primary purpose of the cooperative investigation to explore in 
a systematic manner the effects of a relatively restricted number of variables in 
the treatment of tuberculosis. These have been particularly the variables of 
streptomycin regimens, of variations in dosage, and duration of therapy. Access 
through the cooperating Study Units to a relatively large volume of clinical 
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data, selected, treated, and reported under uniform conditions, has made it pos- 
sible to gather in a short time data which are more significant than usually is 
possible without such a coordinated study. 

In addition to the larger objectives of the study, within the framework of the 
larger investigation, individual cooperating investigators have the opportunity, 
and are in fact encouraged, to explore problems subsidiary to the larger problem. 
Such smaller investigations may have the disadvantage of smaller size, but have 
the advantages of more intensive and uniform examination of results than is 
possible in the study as a whole, and several such studies have pointed the way 
for the larger investigation at opportune moments. 

Evaluation of results in the treatment of tuberculosis: The problem of the evalua- 
tion of any form of therapy is not an easy one in so chronic and variable a disease 
as tuberculosis. It probably is not an unfair statement to say that no uniform or 
standard method of reporting results of treatment of any form of tuberculosis 
has been devised. There is not agreement as to which criteria are the most im- 
portant or relatively most important. The usual appraisal is a composite of a 
number of clinical observations, such as roentgenographic change, sputum exam- 
ination, clinical signs, and erythrocyte sedimentation rate. In the final analysis 
survival without detectable reactivation of the disease under essentially ‘‘normal’’ 
socio-economic conditions is the criterion for success of therapy. But obviously 
there are gradations of efficacy short of this end result which are recognized as 
satisfactory, and such a criterion, if solely relied upon, cannot be applied until 
many years have passed. There is serious need for accurate evaluation of all 
available clinical data at all stages of the treatment of the disease in order that as 
accurate prediction of later results may be made as possible and in order that 
new regimens of therapeusis may be evaluated with as much promptness and 
validity as possible. 

The history of the cooperative streptomycin investigation of the Veterans Ad- 
Administration, Army, and Navy has been in large part a study of such difficul- 
ties of evaluation. Investigators have been under the opposed pressures of a 
natural desire to apply their results, premature as they may be, to clinical ma- 
terial, and of caution and patience in modifying regimens in the scientific in- 
terests of the study as a whole. 

Conclusions drawn or inferred from data reported have in some instances 
differed from impressions and estimates of individual investigators and it has 
not been possible to disregard the latter entirely, for no sets of figures can com- 
pletely represent clinical experience. 

Results of streptomycin treatment of pulmonary tuberculosis have been pre- 
sented with respect to such criteria as clinical signs, change by roentgenographic 
observation during the therapeutic period, relapse by roentgenographic observa- 
tion during the post-streptomycin observation period, “sputum conversion” at 
various points in time, and the mortality experience to date. While it may be 
expected that there will be disagreement as to the relative clinical importance 
of these observations, a few relative weightings are increasingly apparent. 

The initial optimism engendered by the prompt defervescence of patients with 
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acute forms of tuberculosis when streptomycin therapy is begun has been tem- 
pered by the realization that this initial response may generally be anticipated 
and still have little relationship to a reasonably satisfactory subsequent clinical 
course. To a lesser extent, the initially favorable roentgenographic response of 
pulmonary tuberculous lesions is likewise tempered by a steadily mounting 
percentage of relapse during and subsequent to streptomycin therapy. 

Suppression of multiplication of tubercle bacilli in the body as a result of strep- 
tomycin therapy is reflected initially by “conversion” oi sputum and urine, cessa- 
tion of drainage from sinuses, et cetera, in a considerable percentage of cases. 
But it is probable that all tuberculous foci in the body are never eliminated with 
streptomycin therapy, and the reappearance of tubercle bacilli from the same 
sources likewise limits the significance of this initial response. 

Such clinical responses to streptomycin must be interpreted in the light of 
known facts and many others need to be determined. The emergence of strep- 
tomycin-resistant strains of tubercle bacilli undoubtedly is one of the most im- 
portant limiting factors in such chemotherapy. The demonstrated inability of 
streptomycin to have an appreciably favorable influence upon lesions with a 
large necrotic component is another. Undoubtedly tuberculous lesions of different 
tissues and organs respond to streptomycin therapy in dissimilar fashion for 
reasons not completely understood. Investigation is needed as to the role which 
other factors may play, such as those of age, race, degree of disability of the host, 
concomitance of multiple tuberculous lesions, and probably others as yet un- 
suspected. 

In pulmonary tuberculosis there are indications that the less acute forms, those 
which might be termed subacute, respond approximately as well to streptomycin 
as do the acute, and that even in the chronic forms, for these are almost never 
devoid of some acute component, some improvement may occur. In the more 
chronic stages of the disease, however, relapse is more likely to occur than in the 
more acute stages and, when streptomycin is employed in chronic disease, it is 
of the utmost importance to combine it with other suitable procedures such as 
collapse and excisional therapy in a well-integrated therapeutic program. Addi- 
tional investigations are needed to determine the optimal manner in which such 
combined therapy may be applied. 

With so many unanswered problems remaining in the streptomycin treatment 
of tuberculosis, results of investigation such as those which have been presented 
must be regarded as preliminary, and restricted in their significance. Yet the 
study, through the conditions of its formation, has, it is believed, made possible 
certain conclusions of value, with respect to the relatively few variables on which 
it has concentrated. 

Statistical considerations: Hart (19) has said: 


It may be stated that careful objective clinical assessment, based on previous experience 
with similar types of cases as a standard, should, with rigid safeguards, be adequate to 
demonstrate whether a new drug gives either benefit or no benefit, provided its action is 
more than slight. On the other hand, the inclusion of a matched control series, studied 
concurrently in order to permit comparisons having statistical validity, would seem im- 
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perative for a precise evaluation of a new drug’s possibilities, limitations, and the degree 
of permanence of its benefit. 


As has been pointed out, the need for concurrent controls has been recognized 
in this study and there has been random selection of cases on the four strepto- 
mycin regimens studied since April 1948 and, before that, to a certain degree 
on the other streptomycin regimens except in the case of the first one employed, 
the regimen of 1.8 or 2.0 Gm. a day for 120 days. 

Presentation of results has nevertheless indicated that the selection of cases for 
treatment on different streptomycin regimens has not entirely reached the levels 
which are scientifically desirable. In the case of pulmonary tuberculosis, with rela- 
tively large numbers of cases, a considerable uniformity of clinical material, 
nevertheless, is present, certainly to a greater extent than in the case of various 
forms of extrapulmonary tuberculosis which have been investigated in this study 
and in which relatively smaller series were available. 

The limitations of the methods of reporting results of the study to date have 
been mentioned. It is believed that, when detailed analysis of results is possible 
through the medium of the individual case report form recently initiated, many 
of the limitations of the data considered in this report will be removed and in- 
formation along other important lines will be forthcoming. It is necessary at the 
present time to interpret the data which are available with the reservations indi- 
eated by these 

With the increased number of cases studied and the increasing complexity of 
the study in general, the necessity for statistical evaluation has increased. This 
is particularly apparent in comparisons of results of treatment by several regi- 
mens. In Hart’s words, streptomycin is no longer a “‘new drug”, differences in 
its effect according to regimen are not “more than slight’’, and it does seem de- 
sirable to attempt a “precise evaluation of... . possibilities, limitations, and the 
degree of permanence of its benefit.” 

The “best” streptomycin regimen: It has not been the purpose of the study to 
define the single streptomycin regimen which is best suited to the treatment of 
all tuberculosis, or of any form of tuberculosis. This would be an obviously im- 
possible and impractical undertaking at the present time. Emphasis has been 
placed on evaluation of such variations in streptomycin regimens as daily dose 
and duration of therapy. 

The results presented have indicated with considerable statistical validity that, 
with respect to certain clinical observations in both pulmonary and extra- 
pulmonary tuberculosis, streptomycin therapy of longer duration is superior to 
that of shorter duration; and, moreover, to a lesser extent, that a daily dose of 
2.0 Gm. is superior to a daily dose of 1.0 Gm. In the latter instance, however, 
precise statistical analysis was required to detect this superiority, and the differ- 
ences are slight even if statistically significant. 

Moreover, it cannot be too strongly emphasized that slightly superior clinical 
results are only one part of the problem. Data have been presented which indicate 
conclusively that a streptomycin regimen of 2.0 Gm. a day is associated with 
much greater toxicity than one of 1.0 Gm. a day, especially if therapy is long 
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continued. It is as yet premature to expect that dihydrostreptomycin, or other 
derivatives of streptomycin which may yet be developed, will prove to be the 
entire solution to this problem. And the data for the rates of emergence of re- 
sistant organisms indicate conclusively that streptomycin administered daily 
for long periods of time, up to three or four months, and not in combination with 
other tuberculostatic drugs, results in an unfortunately high percentage of drug- 
resistant microorganisms. 

The demonstrated degree of superiority of streptomycin regimens of greater 
duration and higher daily dosages, according to clinical observations, therefore, 
is of more theoretical than practical importance if the present limitations of tox- 
icity and drug resistance remain unchanged. From the theoretical standpoint, 
there may be merit nonetheless in the recognition of these differences. Should, 
for example, a new derivative of streptomycin be developed which is markedly 
less toxic than streptomycin (or dihydrostreptomycin) and identical in thera- 
peutic effect, it is probable that administration with larger daily doses would be 
advisable. And should devices be found which definitely reduce the rate of emer- 
gence of streptomycin-resistant tubercle bacilli on continuous daily therapy, as 
may be the case with combined streptomycin-PAS therapy, it is probable that 
courses of longer duration would be desirable. Another regimen with indications 
of great promise of maintaining therapeutic efficacy and delaying the emergence 
of drug resistance is that of administering streptomycin at intervals of approxi- 
mately three days. It is possible that these two variations in therapy, combined 
chemotherapy and interrupted therapy, may themselves be combined to effect 
still further reduction of the limitations of drug fastness, and these possibilities 
are currently being investigated within this cooperative program. If, through 
such devices, the emergence of resistant strains of tubercle bacilli were to be 
further delayed, it is possible that it will be found desirable appreciably to 
lengthen the duration of such combined chemotherapy. 

Summarizing this discussion of the relative merits of different streptomycin 
regimens in the treatment of tuberculosis, it may be said that the difference in 
clinical response between treatment with 2.0 Gm. a day and with 1.0 Gm. a 
day is very slight and of more theoretical than practical importance, particularly 
in view of the definitely greater toxicity of a regimen employing 2.0 Gm. a day. 
The difference in therapeutic response between treatment with 1.0 Gm. a day 
and with 0.5 Gm. a day is greater, the latter being definitely less effective, and 
there is not corresponding decrease in toxicity. In the light of these considerations 
it is probable that 1.0 Gm. a day is the dosage of choice of the three daily dosages 
investigated, all factors being considered. 

With respect to continuous daily streptomycin therapy, although regimens 
of 42-day duration are found to be associated with less therapeutic response 
than their longer counterparts with equivalent dosages because of the importance 
of the limitation of drug resistance, it is nevertheless probable that duration of 
continuous therapy should generally not exceed 42 or 60 days. Addition of PAS, 
and such other devices as spacing administration of streptomycin farther apart, 
may modify this statement. It has not yet been demonstrated conclusively, 
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however, to what extent modifications wil! definitely delay drug resistance and 
retain therapeutic equivalence. Toxicity is a readily observed deterrent to the 
use of larger daily doses. The emergence of resistant strains of tubercle bacilli 
is not easily detected and is no less serious a deterrent to unwise use of strep- 
tomycin. Until regimens of combined therapy, or “interrupted” therapy, or both, 
have been standardized, therefore, the determination of the duration of strep- 
tomycin therapy should always keep in mind the limitation of emerging resistance. 
Relatively short courses of streptomycin therapy, in the range of 42 and 60 days, 
duration, with therapeutic efficacy approximating that of longer courses but 
with definitely less associated drug resistance, therefore at the present time ap- 
pear to be the ones most appropriate for general use with deviations therefrom 
for special purposes only. 


SUMMARY 


1. Between July 1946 and April 1949, the cooperative investigation of the 
Veterans Administration, Army, and Navy has studied the effects of streptomycin 
in the treatment of approximately 4,500 cases of tuberculosis, including nearly 
2,000 cases of pulmonary tuberculosis. Careful planning and effective liaison 
have resulted in uniform selection of clinical material and recording of results. 

2. The clinical effects of seven different streptomycin regimens have been in- 
vestigated, primarily with respect to the toxicity of the antibiotic, the rate of 
emergence of resistant strains of M. tuberculosis, and the therapeutic result. 
In addition, dihydrostreptomycin has been studied since December 1948. 

3. It has been demonstrated that reducing the daily dosage of streptomycin 
from 2.0 Gm. to 1.0 Gm. to 0.5 Gm. has successively reduced the incidence of all 
important toxic manifestations; and that reducing the duration of administra- 
tion of the drug from 120 days to 60 or to 42 days likewise is associated with 
reduced toxicity. A reduction of the number of injections into which the total 
daily dosage is divided has also been associated with decreased incidence of tox- 
icity. These observations have been applied to vestibular dysfunction, impair- 
ment of renal function, dermatitis, drug pyrexia, and other toxic manifestations 
discussed in the text. Dihydrostreptomycin has been studied in only 56 cases, 
but it appears that it is less toxic than streptomycin with respect to vestibular 
function, but not otherwise significantly different in toxicity from its parent 
nonhydrogenated substance. 

4. Strains of tubercle bacilli resistant to 10 y per ml. or more of streptomycin 
emerge at a fairly regular rate, which appears to be independent of daily dosage 
in the ranges studied but definitely related to duration of therapy. At the end of 
42 days of daily administration, approximately 35 per cent of specimens examined 
are resistant to 10 7 per ml. or more; at the end of 60 days, 50 per cent; at the 
end of 120 days, 75 per cent. Administration of streptomycin every third day in- 
stead of daily results in rates of emergence of resistant strains of approximately 
one-third of these figures. combined therapy, with para-aminosalicylic acid (PAS) 
added to streptomycin, reduces the rates of emergence of resistant strains still 
further. 
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5. Cases of pulmonary tuberculosis treated on seven streptomycin regimens, 
essentially homogeneous with respect to such criteria as stage of disease, pre- 
streptomycin course, and per cent cavernous and predominantly exudative, 
exhibited clinical results of considerable uniformity within the range of variables 
of regimen studied: 

(a) Fever, when present at the start of treatment, was reduced in seven- 
eights of the patients and reduced to normal in slightly over half. Three-eighths of 
the cases had a weight gain of over 10 pounds. The variations by regimen in these 
respects are not large. 

(b) Roentgenographic improvement varies from 82 per cent in cases treated 
with 2.0 Gm. a day for 120 days, to 60 per cent in cases treated with 0.5 Gm. a 
day for 42 days. Among cases treated for 120 days, there is little decrease in the 
percentage showing all degrees of improvement, as the daily dose is decreased 
from 2.0 Gm. to 1.0 Gm. to 0.5 Gm., and to 1.0 Gm. every three days. There is 
more decrease in the percentage reported as exhibiting degrees of roentgeno- 
graphic improvement defined as “marked” and “moderate.” There is a signifi- 
cant decrease in the percentage of cases classified as “‘markedly and moderately” 
improved in each daily dosage category (2.0, 1.0, and 0.5 Gm. a day) when the 
duration of therapy is reduced from 120 to 60 or 42 days. 

(c) Relapse rates are quite uniform for cases treated with larger total dosages 
and are slightly higher for cases treated with 1.0 Gm. a day for 42 days, or 0.5 
Gm. a day for 120 or 42 days. 

(d) Rates of “sputum conversion” by culture are remarkably uniform on all 
regimens studied, in spite of a considerable variation in the incidence of collapse 
therapy which was employed in the different groups. 

(e) Mortality experience has been uniform for the cases treated on the regimens 
of higher total dosages; it is slightly greater for the cases treated for 42 days, as 
well as those treated with 0.5 Gm. a day for 120 days. 

6. It has not been possible in cases of extrapulmonary tuberculosis to study 
the results of variations in streptomycin therapy with the same thoroughness as 
in the case of pulmonary tuberculosis, because of smaller numbers of cases and 
less complete data. To the extent that such an analysis is possible, however, the 
same trends with respect to variables of regimen are observed in these cases as in 
pulmonary tuberculosis. 

7. The experience of the investigation in the treatment of miliary and menin- 
geal tuberculosis, including a number of additional variations in therapy, has 
been presented. Whereas approximately 30 per cent of cases of miliary tuber- 
culosis survive 18 months or more after the start of therapy, 10 per cent or less 
of cases which have tuberculous meningitis, whethez with or without miliary 
tuberculosis, survive 18 months or more. 

8. Primary emphasis has been placed in this report on the effect of variations 
in streptomycin regimen. Recognition has been given the complexity of the prob- 
lem of the evaluation of results, including the statistical and the clinical. The 
investigation has probably raised as many questions as it has answered, and it is 
evident that the evaluation of streptomycin therapy in tuberculosis calls for the 
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careful balancing of many separate factors, especially those of toxicity, drug 
resistance, and the various facets of clinical response. 

9. It is concluded that there has not yet been determined to be one “‘best”’ 
streptomycin regimen. One gram a day appears to be a satisfactory daily dosage, 
but the duration of therapy, the spacing of single administrations, and the com- 
bination with other chemotherapeutic agents with tuberculostatic properties 
such as PAS, have not yet been determined with validity. Because of the limita- 
tions imposed upon streptomycin therapy by the phenomenon of drug resistance, 
it is believed that duration of therapy should generally not exceed 42 or 60 days, 
until procedures designed for delaying the emergence of streptomycin-resistant 
strains of tubercle bacilli have been adequately standardized. 


SUMARIO 


Justipreciacién de los Régimenes de Estreptomicina en el Tratamiento de 
la Tuberculosis. Resetia del Estudio Realizado por la Administracion 
de Veteranos, el Ejército y la Marina de los E. U. A. 


1. Entre julio, 1946 y abril, 1947, en una investigacién cooperativa por la 
Administracién de Veteranos, el Ejército y la Marina de los E. U. A., se han 
estudiado los efectos de la estreptomicina en el tratamiento de unos 4,500 casos 
de tuberculosis, incluso casi 2,000 de la forma pulmonar. Un planeamiento cui- 
dadoso y una colaboracién efectiva han dado por resultado uniformidad en la 
seleccién de los casos y en la anotacién de resultados. 

2. Fueron investigados los efectos clinicos de siete distintos régimenes de es- 
treptomicina, primordialmente con respecto a la toxicidad del antibidtico, el 
coeficiente de aparicién de cepas resistentes del M. tuberculosis y el resultado 
terapéutico. Ademas, se ha estudiado la dihidroestreptomicina desde diciembre, 
1948. 

3. Queda demostrado que, rebajando la dosis diaria de estreptomicina de 2.0 
Gm. a 1.0 Gm. y a 0.5 Gm., se ha reducido sucesivamente la incidencia de todas 
las importantes manifestaciones téxicas; y que disminuyendo la duracién de la 
administracién de la droga de 120 a 60 6 42 dias, también se atentia la toxicidad. 
Una reduccién del ntimero de inyecciones en las cuales se divide la dosis diaria 
total ha ido igualmente asociada con menor toxicidad. Estas observaciones rezan 
con la disfuncién vestibular, el deterioro de la funcién renal, la dermatitis, la 
pirexia medicamentosa y las otras manifestaciones téxicas discutidas en el texto 
del trabajo. La dihidroestreptomicina solo fué estudiada en 56 casos, pero parece 
ser menos téxica que la estreptomicina con respecto a la funcién vestibular, 
aunque en lo demas no discrepar mayor cosa de la sustancia matriz no hidro- 
genada. 

4. Cepas de bacilos tuberculosos resistentes a 10 y por ml. o mas de estrep- 
tomicina aparecen con bastante regularidad, lo cual parece ser independiente de 
la dosis diaria dentro de los limites estudiados pero estar claramente relacionado 
don la duracién de la terapéutica. Al cabo de 42 dias de administracién diaria, 
aproximadamente 35 por ciento de los ejemplares examinados son resistentes a 
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y por ml. o mas; al cabo de 60 dias, 50 por ciento; al cabo de 120 dias, 75 por 
ciento. La administracién de estreptomicina cada tres dias, en vez de cada dfa, 
hace bajar a la tercera parte esas cifras de aparicién de cepas resistentes. La 
terapéutica combinada, con el dcido para-aminosalicilico (PAS) agregado a la 
estreptomicina, hace bajar todavia mds los coeficientes de aparicién de cepas 


resistentes. 
5. Los casos de tuberculosis pulmonar tratados con siete régimenes de estrepto- 


micina, esencialmente homogéneos con respecto a pautas tales como perfodo de 
la enfermedad, tanda de preestreptomicina y por ciento de formas cavernosas y 
de predominio exudativo, manifestaron resultados clinicos de considerable uni- 
formidad, dentro de la variabilidad de los régimenes estudiados. 

(a) La fiebre, cuando existia al iniciar el tratamiento, bajé en siete octavos de 
los enfermos y descendié a lo normal en poco mds de la mitad. En tres octavas 
partes de los casos hubo un aumento de peso de mas de 4.5 kg. Las variaciones 
conforme al régimen seguido no fueron importantes en esos sentidos. 

(b) La mejorfa radiolégica varié de 82 por ciento en los casos tratados con 2.0 
Gm. diarios por 120 dias, a 60 por ciento en los tratados con 0.5 Gm. diarios 
durante 42 dias. Entre los tratados durante 120 dias, disminuyé poco el porcen- 
taje que muestra los distintos grados de mejoria, a medida que la dosis diaria 
disminuy6é de 2.0 Gm. a 1.0 Gm. y 0.5 Gm., y a 1.0 Gm. cada tres dias; bajé més 
el porcentaje que muestra los grados de mejoria radiolégica rotulados como 
“marcada” y “‘moderada’’. Hubo una disminucidn significativa en el porcentaje 
de casos clasificados como “marcadamente”’ y “‘moderadamente” mejorados en 
cada categoria posoldégica diaria (2.0, 1.0 y 0.5 Gm. diarios) cuando la duracién 
de la terapéutica fué disminufida de 120 a 60 6 42 dias. 

(c) Los coeficientes de recidivas fueron bastante uniformes para los casos 
tratados con dosis totales mayores y algo mds altos para los tratados con 1.0 Gm. 
diario durante 42 dias o 0.5 Gm. diarios durante 120 6 42 dfas. 

(d) Las tasas de viraje del esputo en los cultivos fueron notables por lo uni- 
formes con todos los régimenes estudiados, a pesar de la considerable variacién en 
la incidencia de colapsoterapias empleadas en los distintos grupos. 

(e) La mortalidad experimentada fué uniforme en los casos tratados con los 
régimenes mis altos en dosis total; levemente mayor en los tratados durante 42 
dias asi como en los tratados con 6.5 Gm. diarios durante 120 dfas. 

6. En los casos de tuberculosis extrapulmonar no fué posible estudiar los re- 
sultados de las variaciones de la estreptomicinoterapia con la misma minuciosidad 
que en los de tuberculosis pulmonar, debido a ser m4s pequefio el ntiimero de casos 
y menos completos los datos. Sin embargo, hasta donde fué posible observar, 
rigieron las mismas tendencias con respecto a las variaciones de régimen que hubo 
en la tuberculosis pulmonar. 

7. Preséntanse los datos relativos al tratamiento de la granulia y la tubercu- 
losis meningea, comprendiendo varias alteraciones mds de la terapéutica. En tanto 
que sobreviven unos 30 por ciento de los casos de granulia 18 meses o m&s después 
de iniciar la terapéutica, s6lo sobreviven ese tiempo 10 por ciento o menos de los 
que tienen meningitis tuberculosa (ya haya o no granulia). 
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8. En esta memoria se ha hecho hincapié en particular en el efecto de las varia- 
ciones del régimen de estreptomicina, reconociendo lo complejo que es el problema 
de la valuacién de los resultados, incluso los estadisticos y los clinicos. La in- 
vestigacién probablemente ha planteado tantos problemas como los que ha re- 
suelto, siendo manifiesto que la justipreciacién de la estreptomicinoterapia en la 
tuberculosis exige el delicado balanceo de muchos factores separados, y en par- 
ticular los de toxicidad, farmacorresistencia, y las varias facetas de la respuesta 
clinica. 

9. Dediicese que no se ha determinado todavia que haya un régimen estrepto- 
micinico “mejor”. Un gramo diario parece constituir una dosis diaria satisfac- 
toria, pero la duracién de la terapéutica, el espaciamiento entre las administra- 
ciones y la combinacién con otros agentes quimioterdpicos dotados de propiedades 
tuberculoestaticas, son puntos que no han sido aun determinados positivamente. 
Por virtud de las limitaciones impuestas a la estreptomicinoterapia por el fené- 
meno de farmacorresistencia, parece que la duracién del tratamiento no debe 
generalmente exceder de 42 6 62 dias, hasta que se hayan normalizado en forma 
adecuada los procedimientos encaminados a retardar la aparicién de cepas es- 
treptomicinorresistentes de bacilos tuberculosos. 
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DIFFUSE PULMONARY GRANULOMATOSIS IN YOUNG WOMEN 
FOLLOWING EXPOSURE TO BERYLLIUM COMPOUNDS IN 
THE MANUFACTURE OF RADIO TUBES 


Report of Five Cases 
PAUL SLAVIN! 
(Received for publication April 20, 1949) 


INTRODUCTION 


Five young women, with a history of employment in the manufacture of 
radio tubes, developed a chronic lung ailment characterized by shortness of 
breath, cough, high pulse rate, and weight loss. Increasing difficulty in breath- 
ing appeared to be the main disabling feature. The illness came on insidiously 
and the patients became aware of it when they no longer were employed in 
the radio tube factories. 

In the first case no definite ante-mortem diagnosis was made and the nature 
of the disease became apparent through the autopsy findings. The patient died 
in May 1944, at a time when a group of workers in a fluorescent lamp factory, 
Salem, Massachusetts, developed an occupational lung illness. The autopsy 
material obtained in this case by Dr. Harrison S. Martland was forwarded by 
him to the late Dr. L. U. Gardner, Saranac Lake, for correlation with the find- 
ings in the Salem cases. Beryllium and other components of phosphors were 
revealed in a specimen of her lungs. Later on, the Kettering Laboratory re- 
ported 3.0 y of beryllium in 100 Gm. of wet lung tissue. Part of the pathological 
report by Dr. Gardner and also the chemical and spectrographic analyses are 
included in the presentation of this case. 

Three patients are alive. One of them had been working for over eight years 
in three different radio tube plants, in each of which she had been exposed to 
dust inhalation. 

The other 2 patients had been employed for several years in the same plant, 
where the second patient spent her last fourteen months of factory employ- 
ment. They had been working in the spray room, where the cathodes, grid 
hooks, and filaments of the tubes are being coated with a mixture of phosphors. 

The fifth case is included in retrospect. She was seen in 1935 and no signifi- 
cance was attached then to her history of employment in a radio tube plant. 
The diagnosis could not be determined clinically and no autopsy was obtained. 


CASE REPORTS 


Case 1: The patient, C. D., was a 25-year-old, married, white woman. She was first seen on 
October 29, 1942, when she consulted the writer because of severe shortness of breath. 
Difficulty in breathing and a mild cough had begun about one year previously. She be- 
came irritable and unduly fatigued at work. She consulted her family physician in Decem- 
ber 1941 and on January 3, 1942 her illness was diagnosed as rheumatic heart disease and 
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she was advised to give up working and to limit her activities at home. However, medica- 
tion and rest from work brought ne relief. Early in October 1942, while out for a walk, she 
felt a sudden sharp pain in the chest and became very short of breath. Her temperature 
had apparently remained normal since the beginning of the sickness. No sputum examina- 
tions or chest roentgenograms had been obtained. 

The past history was noncontributory, except for an illness in 1938 from May until July 
when her knees and ankles became swollen and red blotches appeared on her legs. The 
illness was considered to be rheumatic in nature. The family history was negative for 
tuberculosis and for rheumatic fever. 

The patient began to work in factories at the age of seventeen. In 1934 and 1935 she 
worked for fourteen months on radio tubes in two different factories. In January 1937 she 
obtained employment in a plant for the manufacture of telephone equipment. The patient 
was engaged mainly in removing insulation from copper wires by means of revolving steel 
wire brushes. Some of the copper wires were made of an alloy containing beryllium. She 
was not protected against inhaling the dust scattered by the brushes. During 1938 and 1939 
she was unemployed and in 1940 resumed the work of removing insulation from copper 
wires and continued until January 1942, when she became disabled. 

The patient was a small, undernourished woman. Her breathing was rapid and shallow. 
The visible mucous membranes were cyanotic. The fingers were slightly clubbed. The super- 
ficial regional lymph nodes were not enlarged. There was no evidence of edema or skin 
lesions. The pulse was rapid, small and regular. The heart sounds were clear with accentua- 
tion of the second pulmonic sound. The liver and spleen were not enlarged. 

A chest roentgenogram (figure 1, October 29, 1942) showed that the right lung was col- 
lapsed by a pneumothorax occupying the outer one-third of the field. The visible portion 
of the lung was diffusely infiltrated with nodules. The apex of the upper lobe contained a 
rarefied area, connected by slender adhesions with the dome of the chest wall. A massive 
density, apparently representing enlarged tracheobronchial lymph nodes, was present in 
the root region. The right hemidiaphragm was depressed to a level lower than the left leaf. 
The costophrenic sinus was clear. The left lung was also diffusely infiltrated with nodules 
and only its outer basal portion was hyperaerated and did not clearly show the infiltration. 
The heart was displaced to the left and presented a marked bulge in the region of the pul- 
monary conus. The bulge was evidently formed by merging shadows of an enlarged right 
ventricle and of enlarged tracheobronchial lymph nv ‘es. 

Four weeks later, following bed rest at home, her chest roentgenogram (figure 2, Novem- 
ber 27, 1942) showed the right lung fully re-expanded, with no definite cavity visualized in 
its upper lobe. Both lung fields were packed with nodular densities, irregular in shape and 
varying in size from 1 mm. to 1 cm. These large nodules were superimposed on a background 
stippled with discrete miliary nodules. Minute calcific deposits were visualized in occasional 
nodules. The apical and costophrenic regions of both lungs contained areas of increased 
translucency. The horizontal interlobar septum was elevated to the second anterior inter- 
costal space. The right hemidiaphragm rose to a level higher than the left and appeared to 
be tented. The heart returned to a normal position. The bulge in the region of the pulmo- 
nary conus remained unchanged. 

Repeated sputum examinations were negative for tubercle bacilli and for fungi. Skin 
tuberculin tests were also negative. 

In the latter part of February 1943, the patient suddenly began gasping for breath and 
became extremely cyanotic. Physical examination revealed recurrence of the right-sided 
spontaneous pneumothorax. Oxygen had to be administered intermittently for three to 
four hours daily 

A chest roentgenogram of April 3, 1943 still showed a residual pneumothorax along the 
upper outer margin of the right lung. 

On April 25, 1943 the patient entered a hospital for observation. No definite diagnosis 
was made. The right lung was again re-expanded and there was no evidence of a pleural 
effusion. Oxygen inhalation was discontinued during the last two days of hospitalization 
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She returned home on May 6, 1943 and two days later the right lung ruptured spontane 
ously for the third time. Oxygen inhalation was administered constantly dav and night (4 


to 5 tankfuls weekly) from this time until her death twelve months later 


Fic. 1. Case 1 { pper left) Oetober 29, 1942 Right -sided spontaneous pneumothor iX 
Diffuse nodular infiltration. Enlarged tracheobronchial lymph nodes. Cor pulmonale 
Fig. 2. Case 1. (Upper right) November 27, 1942. Right lung re-expanded 
Fic. 3. Case 1. (Bottom) February 17, 1944. Pattern of nodular infiltration unchanged 
Pleural effusion simulating elevated right diaphragm 


A chest roentgenogram of September 13, 1943 showed a pleural effusion at the base of 
the right lung. 

The last chest roentgenogram (figure 3, February 17, 1944) revealed a convex configura 
tion of the basal pleural effusion which simulated an elevated right diaphragm. Areas of 
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increased transluceneyv were prese nt in the apices of both lungs and in the left costophrenic 
sinus. The nodular infiltration remained unchanged 

Roe ntgenogray hie examination of the bones of both hands was negative 

The temperature continued virtually normal during the entire course of the illness 
There was no evidence of the presence ot an acute inflammatory process Her weight came 
down to 72 pounds, a loss of 38 pounds as compared with her highest weight. The menstrual 
yy riods were absent for several months. She remained mentally alert and although con 
tinuously under an vgen mask, managed to do reading and hand sewing 

On Mav 8, 1944 early in the morning, she asked to be propped up, stating that she was 


to breathe. She died a few minutes late 


o longer able 
POST-MORTEM EXAMINATION BY DR. HARRISON 8S. MARTLAND, MAY 8, 1944 


The fingernail! re distinetly clubbed. There were no palpable lymph nodes or skin 
lesions. One pint o w-colored fluid was found i ominal cavity and pelvis 
The liver was disp iced and extended three finger-breadths below costal margin The dia 
pl ragm Was opposite the sixth mb on the nght side and the fifth rib on the left side 

One pint of st ored fluid and a few old adhesions were present in the right pleural 

ivitv. There were \ id adhesions over the per ol the left lung The pericardial cavity 
contained 50 « ellow fluid. There was marked hypertrophy of the right ventricle 
the musele in conus being & mm. thick. There was no hypertrophy of the muscle of the 
left ventricle which was only 6 to 7 mm. in thickness. No rheumatic lesions were present on 
inv of the Ives. Near the eardiae end of the stomach there was one large node, 3 em. itt 
diameter hi vealed on section the same appearance is the hilar nodes. The liver was 


small with «di t nutmeg markings No granulomatous lesions were found 


REPORT BY DR. LEROY U. GARDNER, DECEMBER I, 1944 


1 ws mitted: Th | | surfaces of the right lung 
presence ot tags of hbrous idhesions between which were 
8 projecting above the surface 
cimen in ‘ portions of the uppel ind middle lobes onlv. The major part of 
the former and that part of the middle adjacent to the interlobar fissure were consolidated 
itive lew pate nt air spaces Inspec tion with a lens revealed numerous 
nodules which were rarely larger than | mm. in diameter These in every way 


Setween them the wal iir spaces were gener illy 


( lesions 
thickened veoli were greatly reduced in size. Some of this interstitial fibrosis 


was al I iter, but such lesions lacked the definition of the previously 


leseribe ili i type foet, being much smaller, vellow in color, and without dust pig 


mentation 


Extending nv 1 from the per was a multilocul v with trabeeulation due 


to undestro \ ind other band-like structures e trabeculae were many 


minute ellowish nodules. This cavity, which extended within 3 mm. of the pleura, had 


no defin Wil ind showed no evidence caseation. The surrounding tissue was either 


yvlome rutions of grey nted nodule ~ 
resented widespread coarse emphysema with intercommunicating 


in diameter. This change wa central in the slab of tissue 


} 


ined more ai but even here a lens revealed thick 

small colorless and seattered larger, discrete. grev nodules 

Vessels and br ot remarkable. The bronchial nodes were enlarged, modet 

itelyv firm, gre mottl h vellow. The normal irchitecture w is largel obscured The 
surrounding connectiy ssue was not disturbed 

hexaminatie it eft lung showed a picture similar to that of the right, with the ex 

ption here were more ind larger rete nodules of the silieotic type 


in the ape i pper lobe ind many more of the minute, ill-defined, vellow nodules 


Fhe middle lobe 4 
blebs as large as | cm. 
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throughout the lung. Coarse emphysema was largely confined to the lower lobe and ex 


tended to the diaphragmatic surface. The lymph nodes on this side were larger than those 
on the right but were of the same general appearance Individual units measured as much 
as 2 cm. in diameter 
Vicroscopic: The lungs showed a widespread interstitial granulomatous reaction which 
consisted of nodules of microscopic dimensions and some more diffuse changes plus large 
hyaline nodule formation, coarse emphysema, chronic pleurisy, and thickened interlo 
bar septa. Very little dust was visible 
The minute granulomas had all the characteristics of sarcoid and showed various phases 
of reaction from early focal proliferation of mononuclear and giant cells to advanced hyaline 
sclerosis. Evidence of caseation or other forms of necrosis was lacking. The fibrous elements 
of these granulomas were concentrically arranged about the giant cells. Not infrequently 
the more peripheral fibers had undergone hyaline degeneration and in some instances such 
changes involved the entire nodule. Infiltration with lymphoid cells was more prominent 
than In many cases 
Giant cells were very numerous and they frequently contained inclusion bodies which 
stained black with hematoxylin and reacted for iron with acid ferrocvanide, but not for 
calcium. These bodies were unusually large irregular in shape, and did not polarize light 
Some consisted of rounded conchoidal masses, others were elongat« d spicules with various 
shaped dilatations. Still others consisted of granular deposits upon the surface of ervstal 
clefts. Visible particulate dust was minimal in amount 
More diffuse reactions of a similar character involved localized portions of the inter 
stitial tissue at the periphery of the lung. Here the air spaces were compressed by very 
marked thickening of the alveolar walls and other interstitial tissues. Instead of nodules 
there were scattered giant cells embedded in connective tissue, which varied from cellular 
to hvaline type with a heavy infiltration of ly mphoid cells. In these locations the strands 
of hyaline fibers suggested amyloid formation. The thickening of the pleura ind Septa 
between secondary lobules was due to such reaction, with both diserete nodules and heavy 
fibrous tissue participating 
The large hyaline nodules, readily visible on gross inspec‘ion of the section appeared 
very much like silicotic lesions. They were sharply defined, often occurred in clusters, and 
were then surrounded by a common capsule which was likewise composed of hyaline fibers 
and stained less intensely with eosin than the enclosed smaller unit nodules. The latter 
consisted of concentric laminae of hvaline fibers. Unlike most silicotic nodules they showed 
no trace of compressed nuclei They contained very little visible dust and there was an 
unusually abrupt transition between the hvaline zone and the mononuctiear e« llular zone 
at the periphery In the mature silicotic nodule the hvaline center was surrounded by 
thinner, well-separated fibers with few mononuclear cells remaining at this stage. Further 
more, while the hyaline in this case had a fibrous structure, the component elements ap 
peared to have undergone partial autolysis, so that their o'tlines were somewhat obscured 
The change was different from the granular degeneraty hat occurs when a silicotie 
nodule is complicated by tuberculosis 
In a few areas there was partial ealcifieation within these large hvaline nodules. The 
lime salts were .eposited either as clusters of minute granules or about strands of fiber 
suggesting elast'c tissue. The presence of calcium was confirmed by Von Kossa stain 
The eavity deseribed in the gross eXumination had none of the characteristics of a tuber 
culous antrum, no caseation, no exudate or necrotic debris in its walls, and very little 
adherent to the inner surface. It seemed to consist simply of an irregular opening in the 
pathologic il tissues with no organized wall. Sareoid nodules, cellular or hvaline . unaltered 
blood vessels, et cetera, directly abut upon the opening with no intervening membrane 
At least in two sections t iken, there was no communication with a bronchus. The trabeculae 
noted in the gross examination consisted of hvaline nodules, perhaps strung upon a blood 
vessel. Calcified foei were particularly freque nt both on the surface and in the interior ol 


nodules abutting on this cavity 
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The bronchi and bronchioles ippe ired quite norm il except for distortion by surrounding 


lesions and an excess of mucus in goblet cells and in some places in the lumina. The epi 
thelium of the smaller air spaces had become cuboidal, where backed by proliferative 
lesions 
The blood vessel hange s consisted of an obliteration of the « ipill irv bed with the per 
tence | re thin-walled arterioles in the newly formed tissue and a moder ite to marked 


degree of endarteriti manv but not all vesse!s of larger calibre. None were found in 


which comple t of the lumen had oecurred 


The tracheobronchia “les were unusually large and most of their normal architecture 


d been replace »v lesions similar to those in the lungs. Conglomerate. hvaline fibrosis 


d completely replaced tl entral portion of most nodes, leaving only a thin rim of lymph 


d tissue at the rip v. The was seeded with small granulomas, either cellula 


degeneration. Visible dust was small in amount 


ADIL ind occ ital lv w thin the irge centr 


The 
vriter on 

Her present illn ru \ vears previously, in August 1939, nineteen months after 
she had stopped VOrkK on radio tubes. Since that time shic had been complaining of short 
ness of breath i ve cough, and weight loss. Repeated examinations in a tuberculosis 
elinte did not determine the nature of her illness. Sputum tests were negative for tubercle 
bacthi and fo gz kin tuberculin tests were also negative. An operation on her sinuses 
in 1943 and a lectomy in 1945 brought no relief. A roentgenographic diagnosis of 
sarcoidosis was m in February 1944 

The history of past diseases was noncontributor She gave birth to two children. The 
first was born in September 1938, eight months after she quit factory work. The second child 
was born in November 1945, six vears after the beginning of her present illness. Both ce 
liveries were under spinal anaesthesia 


The patient *s father died of pulmon irv tube reulosis it the age 


The patient began to work in factories at the age of thirteen. At sixteen she worked for 
eight months on radio tubes. At nineteen she resumed this work and continued for seven 
ind one-half vears in two different plants, from 1930 until January 1938. Her work included 
mounting radio tubes, welding parts of the tubes, welding carbon plates to tubes, mounting 
grids, and finally handling mica plates for fourteen months. Her employment in places 
other than radio tube factones involved neo occupation il exposure 

She was undernourished, having lost 34 pounds from a high of 160 pounds. Her breathing 
was rapid and the visible mucous membranes were slightly cyanotic. The fingers were not 
clubbed There was no evidence of skin lesions and the superficial regional lymph nodes were 
not enlarged. The heart sounds were clear. Adventitious sounds were present over the 


upper lobes of both lungs and at the base of the right lung. The liver and spleen were not 


(he ! ’ ealed the following values 
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0.20 per cent N. 1 rae 1.36 per cent 2.78 per cent Lero 
Faint Trae 
S pe ipl ' revealed the following value 
Zn He Mii My 
25 5 10 ty Zero 
‘ 


PULMONARY GRANULOMATOSIS AFTER BERYLLIUM EXPOSURE 761 


The blood pressure was 104 mm. of mercury systolic and 82 mm. diastolic. The 


palpable 
vital capacity was 1,000 ce 


Upper left) November 8, 1939. Diffuse granular infiltration. Hilar shad 
ows increased in size and density. Heart normal 
Fig. 5. Case 2. (Upper right) January 25, 1944. Diffuse reticulonodular infiltration, over 
shadowing the original granular nodulation 
Fic. 6. Case 2 Lower left) February 2, 1949. Disseminated calcification of nodules 
Reticulonodular pattern unchanged. 
Fic. 7. Case 2. (Lower right) June 19, 1949. Increased calcification of nodules. Tubereulin 


ind histoplasmin skin tests negative. Heart normal. 


Her first chest roentgenogram (figure 4. November 8, 1939) showed a diffuse granular 


infiltration through both lungs. Occasional larger nodules were present among the minute 
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tuberculin te were reported negative. On June 15, 194S her illness was diagnosed as 
possible bervilium granulomatosis 


noncontributory 


The histor ot pust diseases was 


14, 147. Diffuse reticulonodular infiltration. Left 
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im pu monary conus 
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and on typical roentgenographic findings. Only in the occasional case can the 
diagnosis be corroborated during life by recovery of beryllium from the urine. 


Upper left) May 4, 1936. Diffuse granular haziness overshadowing lung 


fields. Heart normal 
hie. 5. (Upper right) June 23, 1936. Confluent densities over lower three-fourths 


of lung fiel Left sided spontaneous pneumothorax. Cor pulmonale 


Fie. 15. Case 5. (Bottom) November 9, 1937. Diffuse, predominantly granular infiltra 


tion Marked cor pulmonale 


The post-mortem findings invariably include demonstration of beryllium in 


the lung tissue 
Evidence of exposure to beryllium: It is certain that beryllium compounds 


had been used extensively in the radio tube factories at the time the five pa- 
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tients were working there. The factorv workers were not protected against 


inhalation of finely pulverized phosphors 
and filaments of the tubes were being coated with a mixture 


In the spray room, where the eath- 


odes, grid hooks, 


of phosphors, even the sprayers were not provided with masks. 


In the first case, the exposure in radio tube factories was incriminated by 


the presence of beryvilium and other components of the phosphors in her lungs. 
n removing insulation from beryllium copper wires was 


The ndded CNPoOsure 
lt) “ol the 


apparently responsible for the finding of inclusion bodies (figure 
characte ind noted onlv in two ecnses of bervilium copper casters, 


lungs”? (2 


The structural features of the granulomas (figure 17) served to distinguish 


\ 
 \ 
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them from silicosis and from silico-tubereulosis (1, 2). The results of the chemi- 
cal analysis were also negative for silicosis (low ash value of 4.36 per cent 
The inclusion bodies differed from those seen in sarcoidosis (2 

The second patient had been exposed to dust inhalation in three different 
radio tube factories for a period ol more than eight vears She worked lor four- 
teen months in the same factory, where the next two patients developed a 
similar illness. The nature of the dust could not be specified by the patient, 
but there was no free silica dust. 

The third and fourth patients had been working during a concurrent length 
of time in the spray room of a radio tube factory. Both had been directly eX- 
posed to an atmosphere laden with pulverized phosphors containing beryllium. 
The exposure of the third patient began one and one-half years earlier and had 
been more intense because of her work as a full-time spraver. Consequently, 
her illness became apparent twoand one-half vears earlier than that of the fourth 
patient and has resulted in marked heart damage 

Phe relationship of exposure to bervilium and the pulmonary granulomatous 
reaction ts ol ous in these two causes and has been further substantiated by the 
occurrence of additional instances ot a similar disease among the workers of 
the same 

Tn the th case the details of exposure to dust inhalation in a radio tube 
factory remain unknown 

Roentgenographic findings: The roentgenographic pattern of the granuloma- 
tous reaction Was made up ol miliary and discrete larger nodules, of composite 
nodular densities, and connective tissue infiltrates. Diffuse miliary nodulation 
vas present in all cases and probably represented an early phase ol invasion, 
This phase in the three surviving patients had been gradually replaced by a 
reticulonodular pattern of infiltration, composed of larger nodular densities 
and connective tissue infiltrates. In the two fatal cases, connective tissue pro 
liferation Was scarce and no distinet fibronodular network was observed. 

In the first case, large nodules, discrete and conglomerate (figures IS and 
19), were mingled with a diffuse miliary nodulation. Intervening connective 
tissue Was scarce. The pattern of infiltration remained unchanged for «a known 
ye riod of sixteen months 

In the second case, roentgenograms were available for a period ol nine veurs 
and eight months. The original miliary nodulation has been gradually replaced 
by a reticulonodular pattern of infiltration. 

lhe third case came under observation with a reticulonodular type of infiltra- 
tion superimposed on a diffuse miliary nodulation. Within a period of two years 
the fibronodular network became more diffuse, obscuring most of the minute 
nodules 

Che fourth case was first seen with a diffuse miliary nodulation and a minimal 
reticulonodular infiltration. Within one vear the fibronodular network became 
more diffuse and overshadowed a large portion of the minute granules. 

In the fifth case, a diffuse granular infiltration, described as typical in chronic 


bervilium granulomatosis (3, 5, 6), prevailed in all roentgenograms for a known 
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period of eighteen months. There was a constant paucity of fibrous tissue pro- 


liferation and of composite nodular formations. 

None of the cases developed plaques, or massive conglomerations, as seen 
in silicosis with the advent of severe symptoms. 

Deposition of calcium in the granulomas represents apparently the end phase 


in their evolution. The presence of calcium deposits in some of the nodules was 


1 diameter. | mphy 


»>Smm. in diameter 


confirmed by Von hossa stain in the first case. W ilespread calcification of the 
nodules vas obvious in the second Cuse 

Multipl bleb formation was obs rved in all eases and appeared graphically 
as rarefied areas surrounded by groups of nodules. A cavity in the upper lobe 
of the right lung vas present in the first case \s stated in the pathological 
report, the cavity was either the result of anemic necrosis, or of bleb forma 
tion. There is little to indieate that this cavity resulted from necrosis of tissue, 
incident to bacterial infection” (2 
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In the third case, the lower portion of the right lung contained linear areas 
of atelectasis, with a resulting elevation of the diaphragm and crowding of the 
nodules on that side 

The hilar shadows were increased in size and density, particularly in the two 
fatal cases. Bronchial lymph nodes in the first case included units measuring 
2 em. in diameter. 

Complications: Spontaneous pneumothorax occurred in both fatal cases. None 
was observed in the three surviving patients with marked fibrous tissue pro 
liferation. It is possible that the symptoms of a ruptured lung are overlooked 
in some instances because of pre existing shortness of breath. 

Knlargement of the right ventricle (cor pulmonale) was present in the first, 
third, and fifth cases. The right-sided pleural effusion in the first case resulted 
from congestive heart failure. Peritoneal and pericardial effusions were also 
present 

Continuous mucopurulent expectoration was indicative of bronchiectasis, 
resulting from distortion of the bronchial tree by the granulomatous process. 


Treatment: Thedy spneaand cough were aggravated in all cases by cold weather. 


Thus, it is believed that a change to a mild climate during the winter months 


would be beneficial to patients with this illness. Profuse mucopurulent expec 
toration may be relieved in some instances by antibiotic therapy. Early ad 
ministration of oxvgen relieves dyspnea and cough. As this procedure brings 
relative comfort to the patient, it may prolong life and prevent the occurrence 


of spontaneous pneumothorax 
SUMMARY 


Five cases of chronic pulmonary beryllium granulomatosis are presented, 
with autopsy findings in one case. The exposure to beryllium compounds oc- 
curred in radio tube factories. In the first case, added exposure took place in 
removing insulation from beryllium copper wires. 

The illness appeared to be of lesser severity in cases in which the nodular 
dissemination was followed by marked connective tissue proliferation. 

Calcification of the nodules has been demonstrated in the first and seeond 
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TUBERCULOSIS AMONG SELECTIVE SERVICE REGISTRANTS! 
MAPHEUS SMITH, LESTER T. REYNOLDS, ann M. ETHEL HAND 
(Received for publication April 12, 1949) 


F From the Selective Service records of 18,000,000 men examined for military 
service during World War II has emerged a wealth of data on physical and men- 
tal defects and disease conditions surpassing in scope any other such survey ever 
made in this country. A by-product of the plan for manpower selection for mili- 
tary service, the picture evolved from this survey has far-reaching significance. 
Of the defects identified, several were active disease conditions. Among these, 
one of the most important was tuberculosis. Although this disease is no longer 
the scourge it was a generation ago, it still is sufficiently prevalent for its fre- 
quency among all defects and disqualifying defects of examined men to be of 
great interest. 


TOTAL REJECTIONS 


Tenth among the leading causes for rejection of physically examined Selective 
Service registrants still under 38 years of age on August 1, 1945, tuberculosis 
was responsible for 171,300 or 3.5 per cent of all the registrants who were in Class 
IV-F and classes with “F”’ designation on August 1, 1945 who constituted the 
pool of rejected men.* This figure represents only rejections for which tubercu- 
losis was the primary cause. It does not include the thousands who had tubercu- 


losis but were rejected principally for some other disqualifying defect, such as 
syphilis or illiteracy. The percentage of rejections for tuberculosis among white 
men (3.9 per cent of total white rejections) was more than twice that for Ne- 
groes (1.9 per cent) (table 1). 

This race difference in the number of men rejected for tuberculosis is explained 
to some extent by the fact that only one defect was coded as the principal cause 
of rejection, and that certain disqualifying defects more common among Negroes 
than among whites were given precedence in designating the principal cause of 
rejection. Syphilis, illiteracy, and mental deficiency, more common among Ne- 
groes than whites, may be used as examples. When associated with tuberculosis, 
these defects took precedence as principal defects. As a result, the Negro rejec- 
tion rates for tuberculosis are not strictly comparable to those for whites. The 


! Based on Selective Service classification data and sample studies of the results of ex- 
amination recorded on DSS Forms 200, Reports of Physical Examination, for Selective 
Service registrants physically examined at local boards in peacetime, and DSS Forms 221, 
Reports of Physical Examination and Induction, for registrants examined at local boards 
and induction stations in wartime. 

? Data in this report include only registrants processed for induction or volunteering for 
induction through Selective Service local boards. They do not include militarily liable 
registrants who enlisted directly at armed forces’ recruiting stations prior to cessation of 
such enlistments in December 1942, since no physical examination reports for these regis- 
trants were received by the Selective Service System. 
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exact effect of such a factor on the rejection rates is not known, but data on all 
recorded defects, reviewed in more detail later in this paper, reveal that Negroes 
had a lower frequency of tuberculosis per 1,000 examined than was true of 
whites, although the race difference in all recorded defects was less than in re- 


jection rates. 


PROCEDURES OF EXAMINATION AND VARIATIONS IN STANDARDS 
AFFECTING TUBERCULOSIS REJECTION RATES 

Rates of rejection of Selective Service registrants were affected by several 
important factors. During the total period of procurement there were differences 
in the average age of the men examined and the proportion of men undergoing 
re-examination as well as in examination procedures and physical standards. 

Standards of acceptability in effect during and immediately preceding World 
War II were specified by the Army in Mobilization Regulations 1-9.' Local 
board examining physicians as well as Army examiners used these standards in 


TABLE 1 
Estimated Number and Per cent of Selective Service Registrants Examined at Ages 18 to $7 
and Rejected Because of Tuberculosis and Still under 38 Years of Age un August 1, 1945* 


REJECTED FOR TUBERCULOSISS 
TOTAL IN REJECTED 


CLASSES 


Number Percent 
All races 4, 828,000 171,300 
Whitet 3,909,000 154,000 
Negro ; 919,000 17,300 


* Includes men in Class IV-F and also those in the occupationally deferred classes, 
II-A(F), I1-B(F), II-C(F). Does not include those with disqualifying tuberculosis for 
whom other defects were recorded as the principal defects. 

t Includes registrants rejected because of obviously disqualifying tuberculosis. 

t Includes all races other than Negro. 
the examination of registrants. During peacetime (November 1940 to the end 
of 1941) two complete physical examinations were given to many registrants, 
the first of which was given at the local board and the other at the induction 
station to registrants forwarded for induction. However, chest roentgenograms 
were not included at the local board examination unless the physician referred 
the case to a Medical Advisory Board chest specialist for decision. Beginning in 
the summer of 1941, chest roentgenograms were made routinely at induction 
stations. Registrants were designated as acceptable, if examination revealed 
arrested pulmonary tuberculosis consisting of lesions demonstrated by roent- 
genographic examination as not exceeding the minimal extent defined in the 
classification of the National Tuberculosis Association. 

3 Mobilization Regulations 1-9, ‘‘Physical Standards for Examination during Mobiliza- 
tion,’’ August 1940, March 1942, October 1942, and April 1944, and changes thereto in War 
Department Circulars and Letters. These standards relating to lungs and chest wall are 
summarized in ‘‘ Physical Examinations of Selective Service Registrants,’’ Special Mono- 
graph No. 15, Selective Service System, Washington, D. C., 1948, Vol. I, pp. 222-228. 
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Beginning in January 1942 and continuing through 1943, local board examin- 
ing physicians rejected, by a screening examination, those registrants obviously 
disqualified for military service. The arbitrary limits defined by the National 
Tuberculosis Association as minimal lesions were specified in the Selective Serv- 
ice regulations as the number and size of the apparently healed tuberculous le- 
sions which were acceptable for general military service after induction station 
examination. 

From January 1944 until the end of Selective Service, local board physicians 
no longer saw each registrant who was called for induction. Instead, registrants 
who received notices to report to armed forces induction stations for preinduc- 
tion physical examination might request a local board physical examination, if 
they believed or knew they had defects which were manifestly disqualifying for 
military service. 


TABLE 2 


Per cent of Total Rejections Because of Tuberculosis and Frequency of Tuberculosis per 
1,000 Registrants Examined during Selected Time Periods 
Continental United States 


PER CENT OF TOTAL | FREQUENCY PER 1,000 
REJECTIONS EXAMINED 
TIME PERIOD 


All Races) White* Negro All Races White* | Negro 


November 1940-September 194If. 1.5 9.7/ 10.3] 5.2 
April 1942-December 1943} 2.0 19.1; 19.9/ 14.6 
February 1944-December 1944f 3. 4 1.9 | 35.4| 36.9] 25.6 


* Includes all races other than Negro. 
+ Figures shown are for local board examinations only. 
t Local boards and induction stations. 


In April 1944 regulations were issued removing the arbitrary limits on the 
size of the tuberculous lesions, and registrants with calcified residuals of pri- 
mary tuberculosis were accepted for general service, if the size, number, and 
character of such lesions did not suggest possible reactivation. 


TUBERCULOSIS REJECTION AND FREQUENCY RATES AT THREE DIFFERENT PERIODS 


The effects of these varying conditions and standards are best illustrated by 
comparing the results of physical examination in relation to tuberculosis rejec- 
tion and frequency rates during several short periods of Selective Service experi- 
ence. During the peacetime period, 2.3 per cent of all rejections at local board 
examination were made because of tuberculosis (table 2). This was also the rate 
for whites, but the Negro rate was 1.5. During this period tuberculosis was re- 
corded for 9.7 registrants in each 1,000 examined, 10.3 for whites and 5.2 for 
Negroes. This, however, did not include an unknown number of registrants in 
whom tuberculosis was found at the time of examination by Army medical ex- 
aminers. 

The proportion of rejections for tuberculosis during the second period (April 
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1942—December 1943) increased to 3.2 per cent and the frequency of tuberculo- 
sis to 19.1 per 1,000 examined, almost twice as high as in peacetime. From 
February 1944 through December 1944, 3.4 per cent of all rejections were for 
tuberculosis and the frequency of tuberculosis was 35.4 per 1,000 men examined. 

The increasing rates for both racial groups during the two wartime periods 
emphasize the value of the induction station examination with the use of the 
chest roentgenogram as an aid to diagnosis, in sharp contrast to the peacetime 
examination at local boards without use of roentgenograms. Also, during the 
war periods the figures on tuberculosis, particularly those for Negroes, were not 
reduced as much as during peacetime by the tendency of examining physicians 
to select diagnoses of venereal disease or of educational deficiency as principal 
causes for rejection. Educationally deficient registrants were acceptable on a 
quota basis from August 1942 through June 1943, after which time educational 
deficiency alone was not a cause for disqualification. And those with uncompli- 
cated gonorrhea or syphilis had become acceptable on a quota basis (October 
1942—-November 1943) or in as large numbers as treatment facilities permitted 
(after November 1943). As a result, during the war period tuberculous regis- 
trants for whom one or both of these defects had been recorded would probably 
have the tuberculous condition noted as principal cause for rejection. 

The figures shown in table 2 reflect not only differences in examination pro- 
cedures, but also changes in the composition of the examined groups. During 
the first, or peacetime, period the men examined were 21 through 35 years of 
age, mostly single men, and occupational deferments were of prime importance. 
During 1942 and 1943, the men examined were 18 through 44 years of age (18 
to 19 years old beginning on November 13, 1942; 20 years old beginning on 
February 16, 1942; 21 to 35 years old all during years 1942 and 1943; 36 to 37 
years old beginning on February 16, 1942; 38 to 44 years old, February 16, 1942 
to December 1942), and even occupational deferments were limited to those 
employed in essential industries or agriculture. During 1944 men examined were 
largely 18 through 25 years of age. Thus it can be seen that the second period, 
1942 and 1943, was probably more representative of the total male population 
with respect to tuberculosis than were the other two time periods for which in- 
formation is available. 


TUBERCULOSIS DATA FoR 1940-1944 


The remainder of the present paper provides analyses of Selective Service 
data on tuberculosis with regard to race, age, specific diagnosis of tuberculosis, 
occupation, and state of residence. In all of these items except the last, the data 
used begin with November 1940 and end with December 1944. This is the long- 
est period of time for which Selective Service data on tuberculosis are available, 
and this is the first time data for this combined period have been published. 
Furthermore, in order to avoid the inevitable duplications caused by re-exami- 
nation of registrants, a sample of records was selected so as to contain first 
examinations only, for the periods November 1940-September 1941, April 1942- 
September 1943, and November 1943-December 1944. For these reasons, the 
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TABLE 3 
Rate of Rejection for Tuberculosis per 100 Registrants Examined, by Race and Age Group 
Continental United States 


AGE GROUPS 


| 30 and over 


All Ages 18 to 25 26 to 29 


November 1940-December 1944 


All races 
White*... 
Negro 


November 1940-December 1943t 


All races. . 1.3 
White* 1.3 
1 


January 1944-December 1944} 


All races 
White* 
Negro. 


* Includes all races other than Negro. 

t 1940-1943 data based on a 10.4 per cent sample of DSS Forms 200 (Reports of Physical 
Examination) for the period November 1940-September 1941, inclusive, and on a 6.7 per 
cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for the 
period April 1943-December 1943, inclusive; they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data. Reports for 
registrants examined and later deferred for other than physical or mental reasons are ex- 
cluded from the sample. 

t 1944 data based on an approximately 10 per cent sample of DSS Forms 221 (Reports 
of Physical Examination and Induction) for registrants inducted or rejected during Janu- 
ary 1944-December 1944, inclusive; they do not include reports of second and subsequent 
examinations of registrants, to avoid possible duplication of data. Reports not available 
for registrants who were found acceptable on preinduction examinations but were not re- 


turned for induction. 


data presented in the next few pages are considered to give the most reliable 
facts on tuberculosis among Selective Service registrants during the period of 
time specified.‘ 


‘The data published by the Selective Service System on tuberculosis have appeared 
incidentally in four medical statistics bulletins and one special monograph. The rejection 
rates and frequency rates found in each of these bulletins cover only a part of the whole 
time period beginning in November 1940 and ending in December 1944 and in most instances 
do not eliminate other than first examinations. The four bulletins, published by National 
Headquarters, Selective Service System, are: ‘‘Analysis of Reports of Physical Examina- 
tion,’’ Medical Statistics Bulletin No. 1, 1941; ‘‘Causes of Rejection and Incidence of De- 
fects,’ Medical Statistics Bulletin No. 2, 1943; ‘‘ Physical Examinations of Selective Service 
Registrants During Wartime,’’ Medical Statistics Bulletin No. 3, 1944; ‘‘ Physical Examina- 
tions of Selective Service Registrants in the Final Months of the War,’’ Medical Statistics 
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omen 16 | 41.2 1.5 2.4 
1.7 1.2 16 | 2.6 
10 | 1.0 1.4 
0.8 1.1 2.1 
0.8 1.2 2.3 
0.8 0.9 1.3 
fa 2.7 2.4 2.9 3.4 
29 | 2.5 3.1 3.6 
' 16 | 1.5 1.5 2.0 
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TUBERCULOSIS REJECTIONS BY RACE AND AGE 

For the over-all period the rejection rate on first examination for general mili- 
tary service for registrants of all races, aged 18 to 44 years, was 43.9 per cent. 
The rate of rejection because of tuberculosis was 1.6 per hundred men examined, 
and increased regularly within each age group (table 3). The Negro rejection 
rate for tuberculosis was lower than that for white registrants, a differential 
maintained in each age category. 

Table 3 also reveals race and age differentials for the two periods 1940-1942 
and 1944 and the same general race difference for each age group and increasing 
rates with increasing age. The rates for 1944 were higher in all categories then 
was true of the 1940-1943 rates. The main reasons for this phenomenon were: 
the more thorough physical examination of men after the speed of mobilization 
slowed down in 1944 prior to the German counterattack in December 19414, 
and the fact that educational deficiency and uncomplicated syphilis were no 
longer the principal cause of rejections, thus causing tuberculosis to be recorded 
as the principal disqualifying defect in a larger part of the cases examined. An- 
other factor was that the rates after April 1944 did not include records of men 
aged 26 through 37 years of age who were found acceptable at the time of pre- 
induction examination, but who were never returned for induction because the 
armed forces reached their planned strength and lowered the upper age of ac- 
ceptability of men to 25 years. 

REJECTIONS BY SPECIFIC DIAGNOSES 

Study of the specific diagnoses of tuberculosis discloses that 96.4 per cent of 
a sample of registrants rejected for tuberculosis during the period November 
1940—December 1944 had the pulmonary form and only 3.6 per cent had other 
kinds of tuberculosis (table 4). These proportions were very consistent for each 
age group and for both whites and Negroes. Moreover, there was no significant 
difference between race groups in distribution of diagnoses. 

About one-third of pulmonary tuberculosis cases were active for the all ages- 
all races group, and over 43 per cent were arrested, while almost one-fourth were 
cases unspecified as to whether active or arrested. The proportion of active 
cases increased with age, as did the unspecified cases, while the percentage of 
arrested cases, over half of all in the 18 to 25 year group, decreased rapidly as 
age increased. These same trends were exhibited for both whites and Negroes, 
except that among Negroes there was no distinct age trend for unspecified diag- 
noses of tuberculosis. 

Two important differences appear in the specific diagnoses for the period 
1940-1943, compared with those for 1944. A total of 95.3 per cent of cases were 
diagnosed as pulmonary in the 1940-1943 period, compared with 98.3 per cent 


Bulletin No. 4, 1946. The monograph was ‘‘Physical Examination of Selective Service 
Registrants,’’ Specia! Monograph No. 15, Selective Service System, Washington, D. C., 
1948, 3 volumes 
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TABLE 4 


Per cent Distribution of Tuberculosis Rejections, by Specific Diagnoses, by Age and 
Race Group 
Continental United States 
November 1940-December 1944* 


AGE GROUPS 
18 to 25 26 to 29 | 30 and Over 


All Races 


Total tuberculosis 100.0 


Pulmonary tuberculosis 
Active 
Arrested 
Suspected or unspecified 
Other tuberculosis 


Total tuberculosis 


Pulmonary tuberculosis 
Active 
Arrested 
Suspected or unspecified 
Other tuberculosis 


Total tuberculosis 100.0 


Pulmonary tuberculosis 
Active 
Arrested 
Suspected or unspecified 
Other tuberculosis 


* 1940-1943 data based on a 10.4 per cent sample of DSS Forms 200 (Reports of Physical 
Examination) for the period November 1940-September 1941, inclusive, and on a 6.7 per 
cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for the 
period April 1942-December 1943, inclusive; they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data. Reports for 
registrants examined and later deferred for other than physical or mental reasons are ex- 
cluded from the sample. 1944 data based on an approximate 10 per cent sample of DSS 
Forms 221 (Reports of Physical Examination and Induction) for registrants inducted or 
rejected during January 1944-December 1944, inclusive; they do not include reports of sec- 
ond and subsequent examinations of registrants, to avoid possible duplication of data. 
Reports not available for registrants who were found acceptable on preinduction exami- 
nations but were not returned for induction. 

¢ Includes all races other than Negro. 


779 
100.0 100.0 100.0 
96.4 96.7 96.0 96.4 
31.8 24.4 33.0 38.2 
43.1 54.0 41.0 33.8 
21.5 18.3 22.0 24.4 
3.6 3.3 4.0 3.6 
Whitet 
100.0 100.0 100.0 100.0 
96.4 96.7 96.0 96.3 
31.5 24.0 32.8 37.8 
43.6 54.8 41.7 34.2 
21.3 17.9 21.5 24.3 
3.6 3.3 4.0 3.7 
Negro 
SSS 100.0 100.0 
96.7 96.8 95.6 97.0 
34.5 27.7 34.5 41.8 
38.6 47.6 34.9 30.4 
23.6 21.5 26.2 24.8 
; 3.3 3.2 4.4 3.0 
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in 1944. The same high consistency in the proportion of pulmonary diagnoses 
in each age group occurred during both periods of time and for each race. 

The most outstanding difference between the two periods of time was in the 
decline in the proportion of unspecified pulmonary cases in 1944, compared 
with the 1940-1943 period. From one-third of all cases in the 1940-1943 period 
with unspecified pulmonary diagnoses, the proportion fell to 3.4 per cent in 1944. 
Almost all of the proportionate increase in specified cases was in the arrested 
‘ategory (from 33.2 per cent of all cases to 58.6 per cent). The decrease in the 
percentage of unspecified pulmonary tuberculosis in 1944, compared to 1940- 
1943, was probably a result of the fact that during 1944 virtually all registrants 
were examined at armed forces induction stations and the examiners were better 
equipped than were local board examining physicians to determine whether the 
disease process was active or arrested. 

The same upward trends with age for active pulmonary diagnoses and down- 
ward trends for arrested cases were found for each of the two periods of examina- 
tion, but there was no trend with age in either period for the unspecified cases. 
These facts also apply to each race group in each of the two periods. 


FREQUENCY OF TUBERCULOSIS 


The employment of modern improved methods of diagnosis in the vigorous 
campaign waged against tuberculosis within the past several decades has dis- 
closed many latent cases. Hence it is impossible to draw a valid comparison 
between the frequency of tuberculosis during the two world wars. Tuberculosis 
was recorded for 4.9 out of every 1,000 of the first million men examined in 
World War I and for 19.8 per 1,000 Selective Service registrants examined, 
November 1940—December 1944. In view of the fact that the national death 
rate from tuberculosis has declined sharply in the period between the two wars, 
the increased frequency of tuberculosis in Selective Service registrants appears 
to reflect the improvement in methods of detection. 

Timely discovery of the disease during World War II examinations not only 
kept out of service men whose military contributions would have been ineffec- 
tual, but also put many tuberculosis cases under remediable treatment leading 
to potential recovery. The effect of improved diagnosis shows up in disability 
discharges also. Thus, whereas tuberculosis, as the largest single cause, accounted 
for 10.9 per cent of all disability discharges during World War I, only about 2.6 
per cent of the veterans of World War II, who were receiving disability awards 
in September 1944, had tuberculosis as their major disability. 

Information on the frequency of disease is invaluable in supporting the estab- 
lishment of any plan for control and eventual elimination of the disease. Keener 
insight into the problem of tuberculosis is afforded by data on the number of 
cases found among each 1,000 men examined, regardless of acceptance or rejec- 
tion for induction. Table 5 presents such data on the frequency of occurrence of 


5 In order to conserve space, tables showing the differences between the 1940-1943 and 
1944 data have been omitted. These data are available to interested readers at National 
Headquarters, Selective Service System. 
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TABLE 5 


Frequency of Specific Diagnoses of Tuberculosis per 1,000 Registrants Examined, by 
Race and Age Group 
Continental United States 


November 1940-December 1944* 


AGE GROUP 
All Ages 


18 to 25 26 to 29 | 30 and Over 


All Races 


Total tuberculosis 


Pulmonary tuberculosis 
Active 
Arrested 
Suspected or unspecified 
Other tuberculosis 


Whitet 


Total tuberculosis . 


Pulmonary tuberculosis 
Active 
Arrested 
Suspected or unspecified 
Other tuberculosis 


on 


Total tuberculosis 


Pulmonary tuberculosis 
Active 
Arrested 
Suspected or unspecified 
Other tuberculosis 0. 


4 
7 


n on w to 


* 1940-1943 data based on a 10.4 per cent sample of DSS Forms 200 (Reports of Physical 
Examination) for the period November 1940-September 1941, inclusive, and on a 6.7 per 
cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for the 
period April 1942-December 1943, inclusive; they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data. Reports for 
registrants examined and later deferred for other than physical or mental reasons are ex- 
cluded from the sample. 1944 data based on an approximate 10 per cent sample of DSS 
Forms 221 (Reports of Physical Examination and Induction) for registrants inducted or 
rejected during January 1944—-December 1944, inclusive; they do not include reports of sec- 
ond and subsequent examinations of registrants, to avoid possible duplication of data. 
Reports not available for registrants who were found acceptable on preinduction exam- 
inations but were not returned for induction. 

t Includes all races other than Negro. 


tuberculosis at time of first examination by specific diagnoses among men ex- 
amined at 18 to 44 years of age during November 1940—December 1944. 
Table 5 shows that approximately 20 out of every 1,000 men examined were 
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20.1 14.7 19.2 30.5 
.; 19.4 14.2 18.4 29.5 
6.2 3.4 6.1 11.3 
8.9 8.0 8.0 10.8 
4.3 2.8 4.3 7.4 
: 0.7 0.5 0.8 1.0 
20.8 15.0 19.8 32.5 
20.1 14.5 19.0 31.4 
6.3 3.4 6.2 11.9 
9.3 8.3 8.4 11.6 
4.5 2.7 4.4 7.9 
0.7 0.5 0.8 1.1 
Negro 
15m 12.9 15.2 19.7 
0 12.6 14.5 19.2 
3.6 5.2 7.9 
6.3 5.9 6.6 
2.7 3 4.7 
2 0.3 0. 0.5 
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found to have tuberculosis in some form, 6 of whom had active pulmonary 
cases, 9 arrested pulmonary cases, and 4 unspecified pulmonary cases, while less 
than one per 1,000 had tuberculosis of parts of the body other than the lungs. 
All of these rates rose with age. 

Negroes had lower occurrence rates of all sorts than was true for whites, ex- 
cept for active cases among men 18 to 25 years of age, where the difference was 
small. Another white-Negro difference was that there was no clear relationship 
between age and the frequency of arrested cases of pulmonary tuberculosis among 
Negroes, while there was an increase in rates with increasing age among whites. 
And a third was the failure of Negroes to show a consistent increase with age in 
the frequency of forms of tuberculosis other than pulmonary. 

When the November 1940—December 1943 experience is separated from that 
of 1944, a few important differences in frequency rates are noticed. The rates 
for the earlier period were less than half as large as fer 1944, but at the same 
time there was a great reduction in the proportion of cases with unspecified 
pulmonary tuberculosis.* The proportionate increase in arrested pulmonary 
tuberculosis discovered was particularly pronounced, doubtless because of im- 
proved techniques and the universa! use of roentgenography in diagnosis during 
all of the 1944 period.’ The only other noteworthy difference was that in 1944 
there was no consistent increase in the frequency of arrested pulmonary tuber- 
culosis with age for the Negro group, but the white and all race groups showed 
a regular increase with increasing age in this form of diagnosis. 

OCCUPATIONAL DIFFERENTIALS IN OCCURRENCE OF TUBERCULOSIS 

Analysis of physical examination data by occupation reveals considerable dif- 
ferences in frequency rates. The unemployed and those who did not report 
occupation had the highest over-all frequency rates (table 6). Also over the aver- 
age for all groups were professional workers, proprietors, service workers, and 
craftsmen, while laborers and farmers were below average. 

The rates increased in size in most occupational groups with increasing age, 
the exceptions being domestic service workers and farm laborers and foremen. 

There was great variability in frequency rates by occupation for the two 
major racial groups. Although Negroes had a smaller rate than whites for all 


occupations, they surpassed whites in rates for clerical and sales workers, and 


protective service workers. 

Analysis by period of time reveals that the high rate of tuberculosis frequency 
for most of the groups mentioned above was characteristic of both the 1940- 
1943 and 1944 periods of examination.’ The age differentials by race and occupa- 
tion also seem to have been general in both periods of time. 

® In order to conserve space, tables showing the differences between the 1940-1943 and 
1944 data have been omitted. These data are available to interested readers at National 
Headquarters, Selective Service System. 

7 In this connection should be cited the special effort made by personnel of the Office of 
the Surgeon General of the Army to diffuse throughout all examining stations comparable 
use of diagnostic techniques. 

® In order to conserve space, tables showing the differences between the 1940-1943 and 
1944 data have been omitted. These data are available to interested readers at National 
Headquarters, Selective Service System. 
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TABLE 6 
Frequency of Tuberculosis Per 1,000 Registrants Examined in Each Major Occupational Group, by Race and Age Group 
Continental United States 
November 1940-December 1944* 


RATE PER 1,000 EXAMINED 


OCCUPATIONAL GROUP All Races Whitet 


Negro 


Al | >| 30 and 
| Ages 118 to 25/26 to 29 over 


| 30 and 
over 


| | 
to 25 |26 to 29 


GISTRANTS 


All occupations | .....-| 20.1 | 14.7 | 19.2 | 30.6 | 15.0 | 19. 


RE 


2 15.5 | 7 19.7 
Professional and semiprofessiona 21.9 8 | 18.0 | 33.6 .O | 18. Tins F, .2 | 13.9 
Proprietors, managers, and officials 16.6 | 33.1 4 | 16.8 | 9.6 .3 | 11.8 
Clerical and sales... . 17.9 | 33.9 17.7 | 33. 25.1 | 35.3 
Domestic service workers 9.6 | 27.0 . ; 26.0 | : 15.6 21.2 
Protective service workers # 25.5 | 30.6 31.4 
Other service workers : ‘ 21.9 18.6 
Craftsmen, foremen, and kindred workers } 5.5 | 20.0 19.4 
Operatives and kindred workers 18.5 17.0 
Farmers and farm managers , 12. 13.5 9.9 
Farm laborers and foremen , 15. 13.4 11.3 
Laborers other than farm ; 12.0 | 13.9 12.5 
Students re 15.2 | 21.4 13.6 
Unemployed and emergency workers 22.6 | 33.3 21.2 
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Unknown : 30.4 | 35.0 26.8 


* 1940-1943 data based November 1940- 
September 1941, inclusive, and on a 6.7 per cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for the period 
April 1942-December 1943, inclusive; they do not include reports of second and subsequent examinations of registrants, to avoid possible du- 
plication of data. Reports for registrants examined and later deferred for other than physical or mental reasons are excluded from the sam- 
ple. 1944 data based on an approximate 10 per cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for registrants 
inducted or rejected during January 1944-December 1944, inclusive; they do not include reports of second and subsequent examinations of regis- 
trants, to avoid possible duplication of data. Reports not available for registrants who were found acceptable on preinduction examinations 
but were not returned for induction. 

t Includes all races other than’ Negro. 
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TABLE 7 
Frequency of Tuberculosis Defect Per 1,000 Selective Service Registrants Physically 
Examined by State and Race 
November 1940-December 1943* 


STATE TOTAL wartet 
United States, Continental § 15.9 


Alabama 
Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District of Columbia 
Florida 

Georgia 

Idaho 

Illinois 

Indiana 

lowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 

New Jersey 

New Mexico 

New York City 

New York (except N.Y.C 
North Carolina 

North Dakota 

Ohio ( 19. 24.3 
Oklahoma ¢ 9.4 9.6 


* 1940-1943 data based on a 10.4 per cent sample of DSS Forms 200 (Reports of Physical 
Examination) for the period November 1940-September 1941, inclusive, and on a 6.7 per 
cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for the 
period April 1942-December 1943, inclusive; they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data. Reports for 
registrants examined and later deferred for other than physical or mental reasons are 
excluded from the sample. 

t Includes all races other than Negro. Separate data for whites and Negroes not shown 
for the states having less than 0.3 per cent of the total U. S. Negro registrants in tue first, 
second, third, fifth and sixth registrations. 
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TABLE 7—Continued 


Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 

Vermont 
Virginia 
Washington 
West Virginia. . 
Wisconsin 
Wyoming 


Ot 


© 
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VARIATIONS BY STATE OF RESIDENCE 


According to the records of men given physical examination during the period 
November 1940—December 1943, the frequency of tuberculosis was lowest in 
Utah (only 2.9 per 1,000 men (table 7)). In general, greater freedom from tuber- 
culosis seems to be found in western and northwestern states and in some of the 
southern states. Wyoming, South Carolina, Mississippi, Idaho, Kansas, Georgia, 
North Carolina, and North Dakota showed a low rate for tuberculosis. The fre- 
quency rate was higher than the national average of 15.5 in Arizona, New Mex- 
ico, West Virginia, Kentucky, Rhode Island, Illinois, Indiana, Ohio, District of 
Columbia, Maryland, Missouri, Arkansas, Virginia, New York City, and Dela- 
ware. Migrations of many tuberculous patients to such states as Colorado, 
California, New Mexico, and Arizona, and many from other states undoubtedly 
affect the rates to some extent. The amount of such an effect could not be deter- 
mined, however, without information being availabi_ on place of residence at 
time of the appearance of the disease and date of change of residence to state of 
registration. 

In several states the frequency of tuberculosis per 1,000 registrants examined 
was higher for Negroes than for whites. Most of such states were in the North 
and West, where the crowding of low-income Negro groups in city slums may 
have been a factor in the larger rates. On the other hand, several of the southern 
states revealed very low tuberculosis rates for Negroes, largely a result of their 
rural occupation and place of residence. Exceptions to this rule were Alabama 
and Arkansas where Negro rates for tuberculosis were at or above the national 
average. The explanation of these and other state variations is not readily ap- 
parent from available information, but it is obvious that a number of factors 
are needed to explain the state and Negro-white differentials. 


SUMMARY 


The outstanding facts regarding tuberculosis in the health picture developed 
from Selective Service records may be summarized as follows: 
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26 26.0 27.1 
14 
4 
| 


786 SMITH, REYNOLDS, AND HAND 


1. Tuberculosis was tenth in importance as cause for rejection and responsible 
for 171,300 or 3.5 per cent of all rejections of examined men aged 18 to 37 as of 
August 1, 1945. 

2. Rejection data were affected, to some extent, by ages of men examined, 
changes in physical examination procedures, and changes in physical standards. 
A potent factor affecting increase, both in rejections and in frequency of tuber- 
culosis discovered during the war years, was the use of the chest roentgenogram. 

3. Specific diagnoses of tuberculosis indicate that 96.4 per cent of tuberculosis 
rejections were for pulmonary tuberculosis during 1940-1944, and that about 
one-third were for active pulmonary tuberculosis. 

4. The marked increase in recorded cases of tuberculosis during World War 
II, as compared with World War I, is indicative of progress in methods of diag- 
nosis, particularly the use of the chest roentgenogram. 

5. Out of every 1,000 men examined through Selective Service during 1940- 
1944, 20.1 were found to have some form of tuberculosis. Negroes, throughout 
Selective Service experience, showed lower rates for tuberculosis than did white 
men. 

6. The rejection rate for tuberculosis and the frequency of the disease per 
1,000 men examined tended to increase as age increased. This was true for both 
Negroes and whites. 

7. Rejection and frequency rates were higher in 1944 than in 1940-1943 be- 
cause of statistical factors affecting the computation of the rates. 

8. Unemployed men, proprietors, and protective service workers showed the 
highest frequency of tuberculosis per 1,000, and laborers and students the lowest. 
Those engaged in out-of-doors work generally manifested less susceptibility to 
the disease than white collar workers. The rates were generally lower for Negroes 
than whites in most occupations, and increased with age. 

9. State comparisons show that the frequency of tuberculosis was lowest in 
Utah (2.9 per 1,000 examined) and, except for New Mexico and Arizona, highest 
in West Virginia and Kentucky, with rates per thousand of 26.1 and 25.6, re- 
spectively. Nineteen states had frequency rates above the national average of 
15.5 per 1,000 examined during the period November 1940—December 1943. 


SUMARIO 
Tuberculosis entre los Inscritos para el Servicio Militar Selectivo 


Los datos sobresalientes con respecto a tuberculosis que aparecen en el cuadro 
sanitario formado por los protocolos del Servicio Militar Selectivo, pueden suma- 
rizarse en esta forma: 

1. La tuberculosis ocupa el décimo puesto en importancia como causa de 
rechazos, habiendo motivado 171,300, o sea 3.5 por ciento, de todos los rechazos 
de sujetos examinados de 18 a 37 afios, hasta el 1° de agosto de 1945. 

2. Los datos de rechazo fueron afectados, hasta cierto punto, por la edad de 
los sujetos examinados, las modificaciones de los procedimientos de examen 
fisico y las modificaciones de las pautas fisicas. Un factor potente que afecté el 
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aumento, tanto en rechazos como en la frecuencia de tuberculosis, fué el empleo 
de la radiografia tordcica. 

3. Los diagnésticos especificos de tuberculosis indican que 96.4 por ciento de 
los rechazos por tuberculosis fueron por tuberculosis pulmonar durante 1940— 
1944, y aproximadamente la tercera parte por tuberculosis pulmonar activa. 

4. El decidido aumento en los casos de tuberculosis inscritos durante la II 
Guerra Mundial, comparada con la I, refleja el adelanto realizado en los métodos 
de diagndéstico, y en particular el empleo de las radiografias tordcicas. 

5. De cada 1,000 individuos ex: minados por el Servicio Selectivo durante 
1940-1944, 20.1 mostraron tener alguna forma de tuberculosis. Los negros, en 
todas las observaciones del Servicio, revelaron coeficientes de tuberculosis mas 
bajos que los blancos. 

6. El coeficiente de rechazos por tuberculosis y la frecuencia de la enfermedad 
por 1,000 sujetos examinados tendié a aumentar a medida que avanzaba la 
edad, lo cual rezé6 con negros y blancos. 

7. Debido a factores estadisticos que afectaron la computacién de las tasas, 
los coeficientes de rechazos y de frecuencia fueron mas altos en 1944 que en 1940- 
1943. 

8. Los desocupados, los propietarios y los empleados en servicios de resguardo 
revelaron la mayor incidencia de tuberculosis por 1,000 y los trabajadores y los 
estudiantes la menor. Los dedicados a trabajos al aire libre manifestaron en 
general menos susceptibilidad a la enfermedad que los empleados en oficinas, 
tiendas, etc. Las tasas fueron generalmente mds bajas para los negros en la 
mayoria de los oficios y avanzaron con la edad. 

9. Comparaciones por estados revelan que la incidencia de tuberculosis al- 
canzo el minimo en Utah (2.9 por 1,000 examinados), y aparte de Nuevo México 
y Arizona, el maximo en la Virginia Occidental y Kentucky, con coeficientes de 
26.1 y 25.6, respectivamente, por 1,000. Diecinueve estados mostraron coeficien- 
tes superiores al promedio nacional de 15.5 por 1,000 examinados durante el 
perfodo de noviembre, 1940—diciembre, 1943. 
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INTRODUCTION 


In March 1945 David A. Wood and Philip H. Pierson (1) reported the first case of 
pulmonary alveolar adenomatosis in which the diagnosis had been made before death. 
In this patient the diagnosis was established by a lobectomy which was done by Dr. 
Emile Holman six months prior to death. This case was a unique contribution to the 
literature because the diagnosis was not only made ante mortem but the possible virus 
etiology of the disease was considered and studies were made in the attempt to prove 
the etiological factor. Largely because of the interest aroused by this patient and the 
fact that one of us was able to follow the case with Pierson at the time of his study, it 
was possible to arrive at diagnosis prior to operation in the case here reported. 

Pulmonary alveolar adenomatosis is said to be a rare disease in man, although prob- 
ably sixteen authenticated cases have now been reported. Among the cases so far re- 
ported are those of Lohlein (2), Sims (3), Obendorfer (4), Helly (5), Bonne (6), Richard- 
son (7), Briese (8), Bell (9), Taft and Nickerson (10), three additional cases reported 
by Paul and Ritchie (11), and three by Drymalski, Thompson, and Sweany (12). Two 
of the human cases reported were associated with extension to the peribronchial lymph 
nodes. The etiology of the human disease is still in doubt and the pathogenesis is far 
from clear. The disease is certainly rare but bears a remarkable resemblance to benign 
pulmonary adenomatosis which has been reported as occurring epizootically in the sheep 
of South Africa, Iceland, England, and the United States, especially in certain areas of 
Montana. Characteristically the disease appears when sheep are being driven from place 
to place; hence the South African name “Jaagsiekte” or “driving disease.” In Montana 
it has been called progressive pneumonia. The disease was first discovered in South 
Africa in 1893. It appeared for the first time in Iceland in 1934 and then spread so rap- 
idly that it aroused widespread interest. Apparently it can be introduced into unin- 
fected flocks by sick animals and it is said that animals which merely occupy the quar- 
ters previously occupied by infected animals may themselves become ill. In sheep, both 
sexes and all ages appear to be susceptible. There is only one instance in the literature 
in which mitoses have been observed in “‘Jaagsiekte.” 

For the most part the disease is very insidious and runs a chronic course. Several 
weeks may pass before it is suspected. Early disease is, therefore, customarily missed, 
especially if the flock remains at rest. In the later stages the breathing is said to cause 
a characteristic sound which resembles “slowly boiling porridge’ due to the moist rales 
which may be audible at some distance. Ultimately, secretion pours from the mouth 


‘From the Departments of Medicine and Surgery, University of California Medical 
School, San Francisco 
* Presented before the Medical Section, as part of the symposium on Nontuberculous 
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and nostrils and the sheep stand with lowered heads to free themselves of secretion 
The incubation period is said by Dungal to vary from six to eight months and Dungal 
was impressed by a possible hereditary factor. Attempts to demonstrate the etiologies: 


agent, either virus or bacterial, were uniformly negative. Intrapulmonary inoculation 


has been said to be a successful method for transfer of the disease in one of three at 


tempts with farm animals. However, housing sheep together appears to lead to trans 
mission without difficulty. The histological faetor consists of characteristic epithelial 
proliferation with formation of papillary intra-alveolar masses which are not invasive 


but preserve the stromal outlines of the alveoli 


CASE REPORT 


The patie iw married female, 51 f age. Her family m tal 
| 


iti 
ory, and | istorv until eight or nine vears ago seemed to be entirely noncontribu 
eXCE n 1939 or 1940 her neighbors had a sm ill flock of shee » which fell ill with 


n acute t of pulmonary infection from which many of the sheep died. The patient 


contact wa ‘ involving an interest in the misfortune of her neighbors but not to the 


extent \ ! the sick inimatls At about this time however, or short! thereatter 


she not ‘ ! ranece of a drv, hacking cough which was irritative and nonproductive 


She belies t » 1941 or 1942 she began to raise small amounts of clear, mucoid, frothy 
sputum an i the same time her cough became rather more prominent. She consulted 


t physici: ) er pulmonary symptoms at that time. Her physical examination 
Was essentia ive but roentgenographie examination was said to show some abnorma! 


findings in region of the right lower lobe, although the film was lost or misplaced and 


could not ned for comparison with subsequent roentgenograms. The diagnosis at 


this time was bronchiectasis involving the right lower lobe. Meanwhile, however, her svmp 
toms gradua became worse. The sputum increased, although it remained mucoid and 


froth In 1944 hers mptoms became more severe ind a film of this date was also said to 


t pathologu il process in the right lower lobe and bronchograms were vad to show 
bronchiectasis In 1945 the cough became still more marked anc he nght lower lobe lesion 
tin appeared in the roentgenogram. This film, dated June 1945, revealed an a 


ig rea ot 
t above lnphragm and posterior 


increased density roughly triangular in shape, lving jus 
to the lobar septum between the right middle and lower lobes (figure | \ bronchos 


copy wa tin negative. The sputum, which up to this time had been glairy, white 


mucus, b < ellow. and foul-smelling and the patient deseribed a troublesome 
musty or ilso troubled by vague right lower chest pain which was never pleuriti 
in ch 
A film taken vy 1946 revealed slight enlargement of the shadow previously described 
in the film a trearlier. A vear later, however, in July 1947, the anteroposterior film (figure 
ow which looked more extensive but nevertheless similar to the preceding 
itter film showed that the process behind the interlobar septum had 
Phe area of density now oecupied a triangular area lying against the 
posterior! chest wall, the area above the di ipl wm being free A film taken on December 
15. 1947 did not differ from that taken in July of the same vear 
Ixamination of the blood showed the hemoglobin to be 101 per cent, red blood cells 
1,970,000 per cu. mm., white blood cells 14,150 per cu. mm., with a differential count of 
polymorphonu ears SO per cent eosinophils ] per cent basophils 0. Ilyvmphoevtes 9 per 
cent, and monocytes 4 per cent 
Beeause of the previous rather casual exposure to sick sheep, the long insidious illness 
to which no other etiology could be ase ribed, and the striking resemblance of the patient 
to the Wood and Pierson ease reported in 1945, a diagnosis of pulmonary alveolar adeno 
matosis was made. Since no therapy had heretofore proved effective in this disease and 


since it appe imited to the 1 lower lob right lower lobe lobectomy was 


greed upon on May 4 » right lower lobe was removed. [t was found 
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to be quite free rm throughout, salmon-pink in or, with a peculiar, smooth, solidified 


surtace The pat logical report follow 


R 


men consisted u ov g lob weight 470 Gm., 
The lung p vis very soft and mushy with 
ippearance. Otten the 


the most 


septum has 


from 


eement i 
pertrophire bout 
erentintion were 
frequently had a 
ninvolved 


| 
Vaterial f Bight Lower Lobe Lobects 
G Phe spec 
witt i smooth pieu Surtace 
veoli appeared to be distended with this mucotd materta \ small portion i! 
> | 
! 
= 
bi vu hit lowe st rf terlobar septum, June 
6. 
rred. Dienst ante } whit ve 
tun yinented | mph nodes we present 
‘ us secreting Phe ‘ somewhat | 
lifferent es were uneoml Val y degrees of 
present and occas ‘ rmed goblet cells were ind. The e¢ 
groups hie ‘ ~ ere teal t fil thre eo valls 
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The bronchioles were somewhat dilated and often contained mucus. At the margin of the 
the pulmonary parenchyma was compressed and the nearby 
ded with many 

vtoplasm. There were large numbers of eosinophils 
olar bleeding. The bronchiole 


smaller blood 


more normal lung noted grossly 
ilveoli were distet 


large reticulo-endothelial cells with finely granu 


and considerable intra alve 


s and bronchi in this region also were compressed and the 
vessels showed perivascular cuffing with chronic inflammatory cells and 
eosinophils. The ira showed an increased number of chrome inflammatory ¢ The 


hile mph nod ved only moderate anthracosis with 


eS slight mere number 
ole osinopht 


pulmonary adenomatosis 


on the patient made an uneventtul recovery, She apparent remained 
149, when a slight discomfort upp ired in the 


right posterior chest 
mucoid sputum which had previously cha 

chest film revealed several areas of density in the 
Mareh 1940 she 


recurrence of the 


lower part 
returned for examination and 
Brainerd of the University of ¢ 


ot 


sputum samples were 


ilifornia staff for virus studies which 
out. Following the collection of these sputum specimens the 


mtrent 
course of aureomyvecin in one-half gram doses every six hours without 
mrent elimi Fine crepitant rales were present over the lower uy chest f 


he aureomyein therapy and the st 


the comple 


mdows on the roentgenogram 


no 


DISCUSSION 


While this disease is rare, the writers are of the Opinion that it mav | 


somewhat 
heretofore believed, and it 


more common than is, therefore, thought worth while to 
report this patient as one in whom the diagnosis was seriously consid 
tion If the disease 


ble effect of se 


red prior to opera 
it is interesting to speculate upon the possi 
e of the new antibioties. It is quite possible that opportunities may aris 
for their trial in the future since the disease 
lung but may 


s of true virus etiology, 


is not alwavs localized to one 


irea ol the 
ippeal simultaneously in different lobes 


irus etiology is still presumptive. Certainly there is a definite similarity 
between the morptl ologi al appearance of human eases ise 
strong case tor the 


There Is i 
rus etiology of the latter since the transmission from 
however, there is no known 
nsmission has occurred from n 


inimal to 

inimal appears to be well recognized. So fa recorded in 
stance in W mn to man 

Is there relationship between this disease and so-called primarv alveolar cell 

fur this question remains unanswered. Certainly there 


is will be noted from the microphotograph 


enremoma ol ure 
many pomts of figure 3). Never 
oul 
Apparently the hyper 
and stromal el secondary 


eless, the poral 


mitotic figures and the absence of stromal 
teristic of pulmonary aly 


plasia of columnar epithelium is primary 


im ire more veolat adenomatosis 


An excellent 
found in Wood and 
In the same article 


review of the 


is it oecurs in Teelandic sheep may | 
nel Is herefore, not peated here 
ussion of the « for and 


Drvmalsk mpson, and Sweany state that tl 


ognomonice of pulmonary 


Pierson’s 
irticle i 


san excellent dis 
against virus etiology 


ere are no signs or symptoms pat! 


idlenomatosis. Radiologically thev sav the 


condition simulates 
Short ition sputum from this patient was submittes 


1 to Dr. Henry Brain 
evd of thi ty of ¢ 


ilifornia for virus studies. It was not possible to 


Isolute a vi 
rus trom material. Treatment with two standard courses o iureomyvcin 
produced ne nT n the patient's condition. Treatment with | Gm streptomvein 
dai for duced no objective change. The 


patient is sti under servation 


The diagnosis \as 
Following lobect 
until Februar 
. 
nd she noticed 
ized her disease \ 
remaining ung In 
taken by Dr. Henr 
ure 
Wit 
ip] 
change 
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tubers In our own cause, however, we believed that there 


were certain features which pointed to the diagnosis. The insidious onset with the long, 


rather ben gn co ~ which was not characteristic of anv other chroni pulmonary in 


lection, W ry » The fact that the disease appeared to involve the anterior part 

ind then shifted to the posterior part of the right lower lobe ap 
peared to ! neoplasm Nevertheless shadows on the chest 
roentgenoedram 1 diminished ( ned to exelude bronchial 


obstruction 0 ological agent coul 


SUMMARY 


sheep shortly 
hecn nosed 


diagnosis of the 


1 to the right lower lobe at operation 


rs betore operation 


“tl by a drv cough gradually becoming pro 
velopment of dull pain over the involved area 
vere not characteristic f anv other disease The 


oduced atelectasis but the involved area remained essentially 


other inflammatory processes 
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‘ . 4 
oe 
| 
4 
4 
\ cuse ¢ stologically benign lenomuatosis occurring in the right 
lower lobe of a 51-vear-old, white, married female has been reported 
oman had a definite, though rather casual, exposure to sie] 
before her svmptoms began 
S. This is the third reeorded humat ise in Whieh the disease has 
prior to death and the first case to our knowledge in which the correct HZ 7 7! 
tisense tins beer onsidered’ prior to operation | 
Int the disease appeared to be 
5. Symptoms appeared approximately seven Ve: i 
The mset Vitis 
Thy oentgenograpl 
lesion Was not one Which 
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S. Lobectomy has not produced a cure in that there appears to be a spread of the 


disease into the remaining lung on the operated side seven months following operation 


SUMARIO 
1 denomatosis A lve olopulmonar 


|. El caso comunicado es de adenomatosis pulmonar histol6dgicamente benigna en 


el l6bulo inferior derecho de una mujer blanca, casada, de 51 anos 


2. La mujer estuvo manifiesta, aunque algo fortuitamente, expuesta a Ovejas entermas 


poco antes de comenzar sus sintomas 
aso comunicado en que se diagnosticara la enfermedad antes de 


3. Este es el tercer ¢ 
la muerte v el primero que sepamos en que se considerara el diagndéstico acertado antes 
de operat 
4. En este caso la afeccién parecia estar limitada al l6bulo inferior derecho al operat 
5. Los sintomas ipaurecreron aproximadamente siete anos antes de la operat 1On 
6. La iniciacién fué insidiosa, caracterizandose por uns tos seca que paulatinamente 


se volvié htimeda, v aparicién tardia de dolor sordo sobre la zona afectada 


7. Los hallazgos radiograficos no fueron caracteristicos de ninguna otra dolencia 
La lesiédn no fué tal que produjera atelectasia, sino que, en contraposicion a otros pro 


cesos inflamatorios, la zona comprometida permanecié esencialmente normal en tamano 


Ss La lobe« tomia no lia obten do la curacion, pues parece haber propagacion de la 


enfermedad al resto del pulmén del lado operado a los siete meses de la intervencién 
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FATALTENSION PNEUMOTHORAX RESULTING FROM DIAPHRAGMATIC 
RUPTURE IN A PATIENT RECEIVING PNEUMOPERITONEUM 


Ss. A. YANNITELLI, ¢ WOODRUFI MUELLER, ano L. HOWARD 


21, 

nt phrenic nerve mn 
‘types of pulmonary 
r embolism, ascites 
nediastina 
‘easily pre ented 

The PUrpose 
na patient wit! 


een Previously re 


Doss of rupture 


147 there 
ight 


| 
| 
Received for publieation Marel 
In recent vea meumoperitoneum with or without 
terruption has att ed considerable tavor in the treatme 
tuberculosis. The o sional compleations that mav occu 
fonitis., neo ition of hern tear ot p 
telectusis rnen, gastric ciustress, and ar 
th prope tech niqte sutisiactorivy thanaged i they 
the present } | report a tntal cause of rupture ot 
‘ ne esult « ih Erosive ilcerative tuberculous process of the diaphragn 
REPO ot A 
D red fer vears « ge, was admitted to the Wm. M urv Sar 
t u n Decemln histor productive cough, night sweats, and weight 
ss for s s. Phys ‘ mination revealed lev umd we nourished 
‘ y ‘ cl nic Impaired pereussiotr nd broncehovesicular breatl 
sounds were found er the upper tl fot the lett lung along with an oceastor post -tussi 
e. | ne Mninations were essentia norm Sputum tests were positive 
Ss tthe Upp thirds of the lung with mia sm 
his nigenog en tou veeks after vimission show 
irther progress lisease (figut Bronchoscopy on Mav 6, was essen 
Phe t ried on Const tive regimen of bed rest until Mav 0, 147 
vhen pneu ‘ eul s induced with the vi of temporizing until the pneumons 
harnete f th lisease subsided. The pneumoperitoneum was tnduced and maintained 
vithout diffieutt <u gin an ele tion of the lett hemidiaphragm «a maximum of twe 
crease toms spread’’ was seer the se of the left lung 
ing rer ning cle Phe patier ecerved S4 Cin f streptomvein from October 31, Hil 
to J 1 oe HS ! sid sVmptomatic improvement. Pnheumoperitoneum re 
ere retired wee ntelr s without diff 
eult t ut } gyms at the aforement levels (figure 2 
7 i t f surg. ( pse was considered and on February 16, 1048 
the f liscontinued tos some depression of the diaphragm se 
that bette ‘ su tion of the inv ed lobes of the lett lung could be 
tained. On the f Mareh 11. TOES, twent lavs after her last ref the patient 
noted rath sud x¢ mild subseapu pain aggravated by deep respiration but 
il col ‘ f She received sedatives and spent a comfortable night, having 
ol slight ning. Roentgenographie mination at this time, however 
revealed | the right lung, sn mount of fluid at the base. There 
vas dis} ement her due t and trache tor the ft. The pneumoperitoneum was st 
From the Wr NI Sanat um, North e, Michigar 
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3-12-48 


Roentgenogram showing extent of disease befe 
Was Instituted 


Fig. 2 


re coll ipse the I ips 


Roentgenogram showing elevation of diaphragm following pneumo- 


peritoneum 
Lower left 


ports te bole 


Roentgenogram showing first spontaneous pneumothor 
ike shadows on pleural surface of diaphragm 


Fic. 4. (Lower right) Enlat 


ix. Arrow 


gement of blebs shown in figure 3 


examination o roentgenogram reve tiled two 


ecting al 


idjncent, bleb-like shadows ich 


in diameter wove the middle of the right leaf of the diaphragm 


7m 
figures 3 and 


ted from the right chest and the lung was allowed to re expand The 


~ ~ 
4-30-47 2-/2-483 
— 


AND HOWARD 


ittempt to preve nt compli 


then cautiously resumed to demonstrate 


After small refills on Apr lS and 


s were 


ture might be present 
e were ind plus 6. A roentgenogram 


ind the bleb-like shadows on 

During the next six weeks 

was gradually attained 
oneum Was continued a 


esions during the next four 


1.300 ml. of air with initial 


Both diaphragms were well 


final pressure 


ght shoulder pa 
midnight her pulse 
erTrvousness ind 

l amount 


though the 


found 


d. Numerous sn 


Col 
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eations The pneumoperttoneum rei 
\pr MS, pressures in the pert 
taken April S did not reveal any airin the right pleural space 
the right leaf of the diaphragm were no longer visible (figure 5 
refills were ¢ tinued and the previous elevation of the d iphir 
Sin there vas st no evidence of rupture the pneumoperi 
therapeut mensu vith moderate clearing of the pulmonat 
months gure 
On September 8. 1948 the patient received her usual refill of == 
pressures of plus 3, plus 5; and -s of plus 6, plus 
ele ted gure 6 Du gy the ada of September 16, 1t was observe 1 that *he patient Was 
except is ighing ind moving about n bed eonsiderabl At that 
. 
= 
a 
Fic. 5 Left) Roe genogram showing conditions when pneumoperttoneum Was resumed 
Ky ‘i Right) Roentgenogram showing elevation of diapl gm immediately after last 
evening st ecame somewhat apprehensiy nd complained of mild 1 
, for which she reece 1 sedatives. There was no notice e dyspnea. At 
rate was 02. respirations 24, and the patient appeared normal except te 
ip Addit edat a wet y er Ar 2:30 the patient rai 
f st re ed sputur 3:10 n her respirations seemed more labored 
vate was 26 and pulse 100. The patient turned on her right side at 3:30 a.m. and Si | 
lead at 3:50 au \ st-t tem roentgenogram Was obtained (figure 7 
P? f | mination of the body revealed a well-developed and we 
nourished ed g ppearing somewhat older than her stated age Aside from pation 
‘ t hee is mie | exter bnorn ties were found Before n 
7 neisior needle connected tl manomete is inserted through the rmght chest 
vn na pressu flien vater was registered, \ tree air space was not found when 
the needle sorte t! ugh the w Upon opening the the 
the come ght diaphragn) lownward and reached the level of 
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the sixth rib anterior! the liver edge being pushed down 10 em. | 
The left diaphragm was found at the level of the fourth rib 
the right hemithorax. t 


vlow the costal margin. 


\ second pressure reading of 


iken after the peritoneal cavity was opened was Sem. of water 


Fic. 7 Top Post-mortem roentgenogram. Arrow points to bleb on diaphragm, 


Big Lower left) Post-mortem photograph. Arrow points to bleb on diaphragm 


Fic. 9. (Lower right) Post-mortem photograph showing probe passed through opening 


on peritone il ispect ol diaphragm 


Incision into the right chest permitted the 1 ipid escape of air. The lower two-thirds of 


the right lung was found collapsed against the mediastinum which, in turn, was shifted 


considerably to the left. The upper third of the lung was only partially collapsed, being 


held in place by dense pleural adhesions present in this area. The right lung was red and 


9-17-48 
e “ ~~, 
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void of crepitation except in the apieal region. No tubereul 
ung showed small emphy sematous arenas in the il region 
Much of the lung was dark red in color completely devoid 
enseous val trom 2 to 15 mm were 
uppel 

lung tissue 


which eoll 


SCUSSION vhether this 
<pontaneous 

iothorax were thie 

ith pulmonary tube: 

ginatic rupture 


were 


bleb-like ri surtace oltl 
of demonstrable n the patient's right 
the usual ty} spontaneous” pneumo 
thoracoscopy was considered to determine if a rent in 


but was dismissed in i r small pneumo 


observation. Wher »air Was demonstrated in the right 


hgure o tw el | ie rupture 
bleb was closed 
iecident and the 
erplexing. Rupture throug! 
itely after pheumoper 
iXimum, but in the present case 


respectively ifter the preceding 


70S ON 
meat n consisten It was ce 
ous lesions were found. The left 
ind in portions of the ver lobe 
of air. On seetion. numerous ok 
Phese lesions were surrounded 
\ soft, whitist ss, 1.¢ em. in length and 0.7 em. in diameter, HERE apsed und 
pressure found eting from the pleural surtace of the mght diaphragm The mass 
( ext im the Kile t ! the diaphragd vhere the tern! muscle fibers jor 
the cent eurosis gures 7 and S). Pressur guinst the ver enused clear. vells ~ 
fluid t t th propection either side of the tte nd several cent 
eters trom it, s tags of f us tissue were found adhermng to the diaphragm. These 
tugs « lead sitron to sin r tugs found the diaphragmat suriace of the 
! su ce ot the diaphragi vas found round opening, 2 mn 
muntcated with the projection on the pleural surfaes 
Chis ope twe liaphragmatic muscle bundles which appeared widely spaced 
this gure). The rede tthe diaphragm was of usual thiekness and strueture 
iad tution ot the mght ventriet \ persistent thymus weighing 
wd, s found. N the rn ties of importance were found 
\ hist y th igh the blel othe showed a hollow structure 
it 7 mi | te Its bout 10m: this vas composed of a core of new 
if is nulomatous surtace erther sicle Thy er of granu n 
Is Tisstie rh tthe side (continuous with the om toneur nd. on this surface 
ite enction Was ¢ lent 
is uth Was give ster right-sideds 
DISCUSSION 
im t Hitistl ! ture “ome e\pDinnation of f ise seems The 
first episode of ter ! neumothoras tole 
Vas the iit ipture througt the diaphrad 
ol the <u et Phe guments for spontaneous] 
relatively hig vy of this tvpe of a lent im pate 
tlosts th the previously « irre! 
ine the esence of pneumoperiton r immediately atter the 
ind tS persist eve te the mg ompletely e-exvpanded The irguments 
ring ipture of the thie somewhat rapid decrease in size of the 
pheumoperitone t 
hemidiaphragt the Is 
lung which might neeivably | 
thorn After this f enient 
pleural space after these refills 
Vas not present lt et spect 
thre ef er esun 
This <¢ histor esents ot 
the diaphragm might be expect 
toneum refill when the intrape 
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refill. It will be remembered that the patient’s diaphragm was maintained at a fairly 
high level for ten months before her first episode of rupture. During this period the 
muscle fibers were apparently stretched apart sufficiently to permit a small rupture 
through the diaphragm, resulting in the formation of a bleb on its pleural surfaces. The 
work of Anderson (4) on the intrapleural pressure changes during pneumoperitoneum 
may indicate why this bleb ruptured so long after the previous refills were given. He 
demonstrated that intrapleural pressures were elevated immediately after a refill of 
pneumoperitoneal air and gradually readjusted to a normal pressure by the time the 
next refill was given. Therefore, although the highest intraperitoneal pressure is obtained 
immediately following a refill, the differential pressure between the intrapleural and 
intraperitoneal spaces may be greatest sometime later 

Two other factors should be mentioned as possibly precipitating the rupture of the 


bleb at such long intervals after the previous refills. As the diaphragm descended, the 


relationship of the bleb to the base of the right lung changed. This may have been sufh 
} 


cient to break a seal that had been established between these two structures Secondly 
it appeal rol ise historv that the coughing, laughing, ind boisterousness ol the 
patient the evening before she died was an important factor in initiating the terminal 
episode of rupture. It is probable that the bleb was ruptured by the pull or tear of al 
ready stretched adhesions during this excessive activity of the diaphragm 

Phe 14 em. of water pressure found in the right pneumothorax after death de 


‘planation, since the maximum pressure ever reached in the peritoneal space 


efills was onl plus S. It seems evident that the coll ipsible bleb on the pleural 

adiaphragm ae ted as a valve while the diaphragm itself served as a pump 

through the valve. This pump-like action became more vigorous as increasing 

caused greater respiratory effort. Thus a vicious evele was established, the 

dvspnea produced by the partial collapse of the right lung increasing the action of the 

diaphragm which, in turn, pumped more air into the right pleural space creating further 
dvspnen 

It would seer it three main factors are pertinent in determining the seriousness of 

complication of pneumoperitoneum: first, the size and suddenness of the rupture of 

diaphragm; second, the volume and pressure of the pneumoperitoneum; and third, 

the valve effect that may occur which, associated with the pump-like action of the dia 

phragm, ¢ uy ious evele and result in a rapidly fatal course. These possibilities 

emphasize tl | for careful observation of pneumoperitoneum cases since, if this 

ompli ition occu irly ind prompt treatment will be necessary to prevent 


fatal outcome 


SUMMARY 


\ fatal ease of rupture of the diaphragm and resulting tension pneumothorax in a 
patient receiving therapeutic pneumoperitoneum is reported. The autopsy findings and 
the pathological physiology involved are discussed along with factors that may deter 


mine the seriousness of this complication 
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TUBERCULOUS ARTERITIS OF THE ABDOMINAL AORTA WITH RUPTURE 
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INTRODUCTION 


iberculosis of the lurgwe artenmes ol the has been of rare occurrence a evidenced 


w of the literature. The arteritis occurring in the small blood vessels is usually 

of the tuberculous process that involves a particular organ and in itself is not very 
mportant, since it does not have anv direct effect on the course of the disease. However, 
when the larger essels ure involved, i change in the immediate course of the disease 
ensues. In 1913, Haythorn (5) described four types of tuberculous arteritis. The first 
iary tuberculosis of the intima which he stated was the most common. In this 

tvpe, miliary gi..iening tubercles were seen on the surface of the intima. The second 
consisted ¢ polyp f tuberculous tissue attached to the intima. Here a small peat 
shaped mass of tissue, which resembled a white thrombus, was attached by a pedicle 
to a slight elevation of the intima, with the distal portion swinging free in the direction 
the blood current. The pathogenesis here consisted in deposits of tuberculous tissue 


on old selerotic patches which were followed by thrombus formation over the area and 


Which later became organized and assumed a polypoid mass. The third type Was tuber 


culosis of the wall in which all the lavers were involved, and the fourth type Was aneu 
rvsm formation. According to E;ppinger (4), aneurysms on a tuberculous basis are formed 
by mycotic emboli that enlodge in the vasa vasorum and cause a thrombosis which in 
turn results in an acute peri and mes-arteritis with complete solution of the continuity 
elastica and damage to the adventitia with resulting aneurysm formation. How 
mmeurvsms can also be formed by direct extension of a tuberculous process from 
mi without 

first case of a tuberculous aneurysm was reported by Kamen (6) in 1S95. The 
patient Was a soldier, 24 vears of age, with chron pulmonary tuberculosis and acute 
miliary tuberculosis. The former caused an aneurysm of the ascending aorta just above 

the sortie cusps by direct extension from caseating mediastinal lymph nodes 
Until 1933, 20 cases were reported of aneurysms of medium size and large arteries 
i result of tuberculosis. Four of these were due to hematogenous dissemination with 
Hi going through the vasa vasorum and lodging in the medial wall. There were no 
of tuberculosis surrounding these arteries. The primary source of the tuberculosis 
was known in all cases. The first of these cases was reported by Pel and recorded by 
Lenoble (7) in 1922. It was that of a 20-vear-old female who died of an aneurvsm of a 
femoral artery and the superior mesenteric artery, both of tuberculous origin. There 
were also tubercles on the mitral vaive The second report: Was that of Tozer 11 in 
1915 and described ase in which a tuberculous aneurysm of the abdominal aorta 
ruptured into the duodenum. The third was that of Brockman (3) in 1926 in the case 
olan aneurvsm ota te moral arterv ina bov 14 vears of nge who also hac Pott’s disease 
Brockman believed that this aneurvsim oc urred as a result of a mvcotic embolus to the 
vasn vVasorum of the femoral artery The fourth ease was that of Maleolm (S) in 1928, 


in which a 72-vear-old male had a femoral aneurysm which ruptured. Miliary tuber 
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REPORT OF A CASI 
\.D Ve i white male was admitted to the Jewish Hospital be ist cor 
tinued fever, n st i re nd weight loss of six weeks’ duratior 
His past histo | 
we of IS he } ne} i sf for which no 
Six weeks before admission he had an episode of fever and mala d for a few 
He noted mre tagecaboalar ind weight loss. Two weeks be he had a 
recurrence of fe nd malaise. This did not respond to therapy sii ed hospita 
blood pressure was svstolie, 100 diastolic (mm. of tem 
the heart was enlarged to the lett by percussion and a soft apical rT wis 
er Was feit one and one-half finger-breadths below th 
ind (3) the spleen was felt one finger-breadth below the costal margin 
Two days after admission the patient appeared slight dyvspneie and evanotic. Moist 
es were audible Hoth buses amd cleared slight m coughing \ peneardial fretion 
i.) 
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The following studies were abnormal: a glueose tolerance test showed a normal eurve 


with «a mild ylveosuria and an electrocardiogt im showed slight depression of S T se 


ment in Lead Land the Q wave in Lead IIL, a eireulation time study (arm to tongue) was 
twenty seconds; and «a sternal puncture showed ‘“‘smudge’”’ cells 

\ gastrointestinal roentgenographie study revealed an esophageal hiatus hernia and 
m iltiple diverticula in the descending and sigmoid colon A chest roentgenogram revealed 
that the heart wus enlarged to the left ind that both lung fields contained nu 
merous stippled deposits scattered from apex to base 

( e ¢e: The patient’s temperature varied from 100 to 104°F. for the first week 
ind the pulse ra varied proportionately. The respirations, however, varied from 30 to 
15 per minute Vas given procaine penicillin ind streptomycin During the second 
the temperature varied from 99° to 1OI°F. From the fifteenth to the eighteenth day 
varied from 100° to 1OL"I ama the respirations were normal for the last eleven davs of 
idmission. The patient requested that he be discharged on November 17, 1048 

\t home he continued to have low-grade fever. He began to complain of aching pain in 
the lumbodorsal region and ot lower ibdominal eramp like pain The week before 
the second admission his temperature rose to 104°F. On December 11 ‘was readmitted 
o the hospit il 

\ physi il eXamination showed the patient to be in no distress but toxic’? and pale 
\ loud pericardial friction rub was heard at Eerb’s point. A pulmonic systolic murmur was 
ilso noted. The liver was enlarged three to four finger-breadths below the costal margin 
ind had a firm edge The spleen was firm and nontender. It was noted that the abdominal 
iorta Was easily palpable 

The following studies were normal: blood urea nitrogen, glucose, cholesterol, bilirubin 
serum amylase, urine culture, urine, and cephalin flocculation tests. The eryvthroevt« 
sedimentation rate was 25 mm. per hour 

Clinical ec « (final admission): The temperature varied from 99° to 102°F. and the 
pulse and respirations were proportional. On admission he complained of severe abdominal 
pain. At times he became irrational. On December 18, at 5:30 p.m. it was noted that the 
patient had a ta At S:50 p.m he suddenly began to have gasping respirations ind 


died ten minutes 


futopsy Findings 
Luna The right lung weighed 600 Gm. and the left 550 Gm. The external surfaces 
were smooth and glistening, but on palpation small hard nodules up to 0.3 em could be 
felt subpleurally and deep within the parenchyma. The cut sections revealed frothy fluid 
th it could be expre ssed on pressure All the lobes were similar The pleural surtace over 
the left apex was slightly dimpled and was covered by thin fibrous pleural thickening. The 


lung tissue subjacent was firmer than the surrounding area. The bronchi were not unusual 


The pulmonary arteries showed a mild degree of intimal selerosis. The tracheobronchial 


lymph nodes were enlarged and soft. On cut sections they showed circumscribed areas of 


soft white and vellow tissue 

Gastrointestinal tract: The stomach contained large clots of blood. The duodenum and 
jejunum were filled « omple telv with a similar material In a third portion of the duodenum 
there was a perforation through the posterior wall which communicated with the lumen 
of the abdominal aorta (figure | In the duodenum, Iving freely, was a round mass of tan 
red. and brown tissue measuring 4 em. in diameter which fit snugly into the perforation 
figures 2 and 3 

Spleen: The spleen weighed 390 Gm. At one pole there was a vellow firm area which 
Wis depressed below the surface. The cut section showed this to be vellow and triangular 
in shape with its base at the surface of the spleen. The pulp wus soft 

Kidneys: The right kidney weighed 200 Gm. and the left 220 Gm. The capsules stripped 
The cortices were studded with small miliary white nodules which on cut seetion 


cont uined soft white material 


easily 
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Liver: This showed small tubereles seattered throughout the lobules 
idrenals: This showed one tubercle in the cortex and otherwise were not abnormal! 


This also showed one tuberele in the stroma and mild glandular overgrowt! 
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om) Microphotograph showing tuberculous reaction in adventitia with a 
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The intima showed a large atheromatous plaque with 
ma could be followed to point where its continuity was 
c tissue The continuity « the media and adventitia was 
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COMMENT 


of tuberculous arteritis occurred through 

is much as there were no tuberculous foci in the tissues 

vorta and since it was directly associated with acute 
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bears out the fact that tuberculosis of large arteries usually eh inges 


SUMMARY 


A cause of re ritis of the abdominal aorta with rupture into the duodenum 


= reported | on W issociuted with generalized miliary tuberculosis which pre 


ros i old pulmonary tuberculous lesion The irteritis Was not asso 
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THE EFFECT OF ANTIHISTAMINE MEDICATION ON THE 
TUBERCULIN REACTION 


To the Editors of the American Revie uw of Tube rculosis 


I have read with considerable interest the article in the September 1949 number of 
the American Review of Tuberculosis by Doctors Friedman and Silverman on “The Effect 
of Antihistamine Medication on the Tuberculin Reaction in Children.” In the light of 
my own experiences with antihistaminie drugs, I am certain that the results of then 
study are rendered delusive by several factors: first, by inferring at the outset the rela 
tionship of the skin reaction to histamine and other allergens, such as ragweed and 
timothy, to the skin reaction in an individual hypersensitive to tuberculin; second, by 
expecting to see results with “ homeopathic” doses of antihistamine used for only four 
days (even the ten children given large doses received the drug for only two days priot 


to the skin test and for two davs thereafter); third, the tests were run on children from 


five to eleven vears old. In children of this age group the degree of hypersensitivity is 
h 


less than that seen in voung adults and older humans 

In «a series of cases of various types of tuberculosis in which antihistaminics were 
emploved to study both the effects on the Mantoux test and the tuberculous lesions, 
reported in Annals of Allergy, May-June 1949, 7, 306, we found some very interesting 
results when adequate dosage and time were also employed. When 500 milligrams of drug 
are given for six months with pulmonary and other forms of tuberculosis, one begins 
to see the results that cannot possibly be seen by employing 60 milligrams for four days 
In 24 of the 30 cases reported, the Mantoux (using PPD, first strength) was converted 
gradually to negative and remained negative, except for a few instances, fo! the duration 
of the antihistaminic therapy. All skin tests returned positive within four weeks after 
medication was discontinued. Some very interesting effects on pulmonary lesions, some 
quite dramatic, are also demonstrated 

However, it is quite unfair to correlate visceral (pulmonary) hypersensitivity with the 
state of the skin reaction and, therefore, the degree of visceral response cannot be cor 
related with the degree of skin response to antihistaminics. This is apparently true in all 
forms of allergy. Actually, the skin test with any allergen is a pretty poor index of hyper 
sensitivity elsewhere. This is one important fallacy in the usual skin tests for allergies 

I cannot agree that, as the authors state, the therapeutic effectiveness of the various 
antihistaminics are quite similar. Anyone with hay fever will quickly disagree with 
that statement, but also we found in our intensive studies that a change to one other 
antihistamine in the group of drugs employed would sometimes bring about a change 
in the Mantoux or lesion which the other antihistaminie was, to all appearances, incapable 
of producing in that particular patient. Patients with allergies are often benefited by one 
and not by another of the antihistaminics and, as well, will become refractive to one 
drug after a time, and not to another 

I sincerely hope that this criticism will tend to make those who plan to use antihista 
minies and other drugs experimentally more aware of the Importance of adequate time 
and dosage in the proper evaluation of the results. Bacterial allergy is probably an im 
portant factor in all infections, and experimentation along these lines is now being carried 
on in a number of laboratories and institutions. It is extremely important now that a 
plea be made for very careful evaluation of methods used and results obtained. This 
especially applies to time and dosage 

ALFRED R. Henprrson 

Mempuis, TENNESSE! 
OMcTOBER 3, 1949 
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1892-1949 


Bruce Douglas lost his life in an automobile accident August 11, 1949. Quiet, 
kindly, thoughtful, wise, humble Bruce Douglas! His death leaves a large void 
in three areas of activity — in tuberculosis and public health within his chosen 
profession, and in religion— for in each of these he established himself as a leader 
and counsellor of first water. 

Doctor Douglas was born in Des Moines, lowa, on August 26, 1892, the son 
of John Henry, Jr., and Mabel Hutchinson Douglas. In 1915 he was graduated 
from Whittier College, California, where he was a member of the baseball team. 
Following then in order were his M.D. degree from Rush Medical College of the 
University of Chicago, internship at Harper Hospital, Detroit, and assistant 
resicency at Herman Kiefer Hospital where he began a career in tuberculosis 
work in which he became preeminent. Shortly after he transferred from WNiefer 
to the Maybury Sanatorium (also operated by the Detroit Department of 
Health) his capacities brought him to the superintendency of the latter institu- 
tion. He had held this position for ten years when he relinquished it to become 
Controller of Tuberculosis of that citv. His eight vears as Controller set: many 
examples for the country, for the Detroit campaign against tuberculosis was 
exceptionally active and fruitful. From this position it seemed but a natural 
and logical move that he should succeed to that of Commissioner of Health of 
that city upon Doctor Henry Vaughan’s resignation. At the time of his tragic 
death he ranked among the leading health officers of the nation. 

\s president of the American Trudeau Society in the vear, in Boston, when 
the new constitution was adopted, he evoked the admiration of all by the re 
markable manner in which the day-long session was conducted. All were im- 
pressed with what adroitness and eminent fairness the chairman of the day 
presided over the discussions, many of them featured by feeling and heat. 
Few knew that he had anticipated the need of complete familiarity with parlia- 
mentary Usage and characteristically had perfected himself in it beforehand. 

From 1939 to the time of his death, Doctor Douglas served as a member of 
the Board of Directors of the National Tuberculosis Association, doing faithful 
work on numerous committees the while. He was a member of the Executive 
Committee in 1939 and 1940, and the Association elected him president for the 
vear 1941-1942. Doctor Douglas was a member of the Editorial Board of the 


American Review of Tuberculosis from 1938 to 1947 


From 1941 he served as Professor of Preventive Medicine and Public Health 
in the School of Medicine, Wayne { niversity, and as Lecturer on Public Health 
in the School of Public Health of the | niversity of Michigan. Ile was a certified 
specialist in the American Board of Internal Medicine, a fellow in the American 
College of Physicians, American Association for the Advancement of Science, 
American Publie Health Association, and American Medical Association. He 
held membership in numerous other national and local associations and was on 
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the governing boards ot se veral medical, philanthropic, and social organizations 
of both national and local SCOP During World War I he was a private and in 
the last war was Surgeon, United States Public Health Service Reserve Corps. 

His scientific contributions to our expanding knowledge of tuberculosis and 
public health have been marked for their quality and range 

jorn into the Society of Friends, this “quiet Quaker” lived and exemplified 
a fine philosophy of life. He was interested in human behavior and was wise 
His counsel was often sought. Whether the appeal came from the American 
Friends Service Committee, the Interracial Commission of Detroit, a staff of 
physicians with a problem from the sickroom, an auditortrom the Budget Bureau, 
or an irate citizen witha grievance, his reaction and advice always seemed to be 
born of wisdom and understanding 

Always soft spoken, unaffected by his success, and approachable if sometimes 
almost shy, he was friend to evervone He was capable ol prodigious effort and 
work vet never appeared to be hurried, for there was always abundant time for 
any who wanted to see him. His daily life was the embodiment of unselfishness, 
and perhaps his most outstanding personal trait was humility. In the days of 
the depression and later of the war, he spent endless hours over adjustments, 
and, with steadfast devotion, was attentive to the unmet needs of patients and 
employes. His trials he met with remarkable serenity and rare wisdom. He 
achieved eminence but maintained humility. He was a good man good without 
smugness—-and, | think, the best and kindliest man I have known. 

Bruce Douglas is dead. The depressing significance ol the fact bears down 


upon those who knew and loved him and those who depended upon him for 


advice, help, and interest. But his life was an extraordinarily useful one. Te 


leaves his family a splendid heritage; and all, a worthy example 
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H. MeLeop Riggins anp H. Corwin Hinsuaw (Editors): Streptomycin and 
Dihydrostreptomye in in Tuberculosis Pp. National Tuberculosis Associ 


- 


ation, New York, N. Y.. 1949, cloth, 87.50. 


This volume of 554 pages is composed of 33 papers on various aspects of strepto- 
mycin and tuberculosis, grouped for convenience under eight major headings, 
including historical aspects of the subject, the relation of the American Trudeau 
Society to early studies, bacteriological and pathological aspects of the problem, 


detailed and summarizing reports on the clinical experience of Trudeau Society 


Investigators, experimental and elinical studies on dihydrostreptomycin, and, 


finally, investigations of combined therapy, with emphasis on the adjuvant 
effect of para aminosalicy lic acid in treatment. Sixteen, o1 approximately one- 
half of the papers, are reprints of previous publications. These include three of 
the original classics on the subject, viz., the paper by Schatz and Waksman 
giving the first detailed report on the effect of streptomycin on the tubercle 
bacillus, and the two well-known papers by Feldman and Hinshaw describing 
the first tests of the value of streptomycin in the treatment of tuberculosis in 
experimental animals and man. The other seventeen papers represent original 
contributions, the majority of which are an outgrowth of a carefully planned 
therapeutic trial program on the clinical value of streptomycin organized in 1946 
by a group of clinical and laboratory investigators in the Trudeau Society. 

The volume was planned originally as a report to the six streptomycin pro- 
ducers who made the study possible by contributing enough streptomycin, at a 
time when the drug was very costly, for the treatment of 1,000 tuberculous pa- 
tients. During the course of preparation of this report such great development 
of the subject occurred that it appeared highly advantageous, in the interest of 
a broad understanding of the value of streptomycin in’ the treatment of tuber- 
culosis, to supplement the individual and summarizing reports by members of 
the Trudeau Society group with papers resulting from other important research, 
much of which, like the studies of the Tuberculosis Study Section of the Re- 
search Grants Division of the National Institute of Health, was stimulated by 
the Trudeau Society investigation The volume includes reports of work spon- 
sored by these two groups, a summary of results of a very extensive cooperative 
streptomycin program of the Veterans Administration, U.S. Army, and U. 3. 
Navy, and two papers sponsored in part by the Committee on Chemotherapeu- 
tics and Other Agents of the National Research Council. It is interesting to note 
that certain of the investigators submitting reports in this volume were actively 
concerned in the programs of all of these organizations. Thus the volume as a 
whole represents a remarkable combination of experience. 

The bacteriological and pathological papers present fundamental data fur- 
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nishing a convenient source of information on a multitude of problems in these 
fields. Included are accounts of the sensitivity and resistance of tubercle bacilli 


ind the histologwieal character of the effect of streptomycin on 


to streptomyv« in 
tuberculous lesions in animals and man. In this section is a fine paper also by 


Feldman on critical evaluation of a chemotherapeutic agent through animal ex 


perimentation 
The chief interest of the general reader will be tocused on the Summarv Re 


port of the Streptomycin Puberculosis Research Project of the Trudeau Society 


In the analysis of clinical data from the cooperative enterprise, the editors had 
the able assistance of Dr. Carroll FE. Palmer and Mrs. Shirley H. Ferebee, of the 
Field Studies Section, Tuberculosis Division, Public Health Service \ series of 
charts in this section, which deal specifically with the value of different regimens 
of streptomycin, indicate that streptomycin is of greatest efficacy in acute forms 
of tuberculosis: that large dailv doses, although more toxic, are definitely more 
effective than small doses; that the ce velopm«e nt ol drug lusthness of infecting 
tuberele bacilli is directly related to the length of treatment: and that relapse ol 
the disease after treatment increases with the passage of time, a fact emphasizing 
the necessity of supplementing streptomycin treatment with other therapeutic 


menusures of est iblished value 
The six papers on dihydrostreptomycin included in the volume are reprints of 


the well-known series which appeared in the American Review of Tuberculosis in 


November 1948. More than any others these papers point up the difficulty of 


keeping ibrenst of ce 
dium of monographs like this one. The current principal questions on the place 


elopments IN) it rapidly expanding field through the me 


of dihyvdrostreptomycin remain unanswered, because thev arose too recently for 


inclusion 
The tinal section is in the field ot upparent greatest promise, combined thet 


apy. The volume closes on a note of optimism cautiously expressed, on the effect 


of para-aminosalievlie acid in delaving the emergence of streptomycin-resistant 


strnins of tubercle bc 


The volume will be of g ' to practicing clinicians and investigators 


alike. Although loosely organized, as a result of change in its objective in the 
actual course of aration, it loses little of its usefulness thereby. for its 


chiet ind lasting sn reterence source book in the many fields 


covered. [t is to expect that its value for the thet ipeuty results cle 


ribed inal the \ ith ily based thre vill ephemeral, lor re 


sults of much larg vell supported by eritical analysis, may be expected 


in the ment il olume is timely at present however, and furnishes nt 


remarkable of cooperation ina clinical investigation. The summaries and 


analyses of ult investigation Interspersed throughout the book illusty ite 


u the limitations of the extraordinary drug on which 
the hook Posed. Cal credit = «clive the editors ind publishers in making such 
a compilation possible 


R. Lone 
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Lars WerKOoE: The Influence of Positive Pressure Breathing on the Circulation 
in Man, Acta medica Scandinavica, Stockholm, Sweden, 1947. 


This is a short monograph describing the effects on the circulation of various 
forms of positive pressure breathing; specifically, artificial respiration by inter- 
mittent (inspiratory) positive pressure, spontaneous respiration under continuous 
positive pressure, and spontaneous respiration against expiratory positive pres- 
sure. Most of the work was concerned with inspiratory positive pressure breathing 
(IPB); several artificial respirators designed by the U. S. Army Air Forces 
were used. The research was done by the author at Bellevue Hospital, New 
York City, in collaboration with Cournand and associates. 

After a review of the literature, a detailed description is given of the methods 
employed in the author’s work, including the technique of right heart catheteriza- 
tion, the determination of cardiac output, and the recording and analysis of 
peripheral arterial and of right heart and pulmonary arterial pressures. 

The subjects studied consisted of fourteen individuals with normal circulation 
and twelve with various forms of cardiovascular disease, some compensated, 
others in failure. In the subjects with normal circulation, intermittent positive 
pressure breathing caused increased arterial blood pressure and increased mean 
and diastolic pressures in the right ventricle and pulmonary artery, proportional 
to the applied mean mask pressure, but usually less than the applied pressure. 
When the mean mask pressure exceeded plus 5 mm. of mercury, the cardiac 
output decreased significantly, and in proportion to the height of the mean mask 
pressure. Mean mask pressures in the region of plus 12 mm. of mercury caused 
decrease in cardiac output of about 30 per cent. Totai peripheral resistance in- 
creased with increasing mask pressure in the systemic circuit, and usually in the 
pulmonary circuit. 

Further analysis of these results was made in three subjects in whom pleural 
pressures were recorded in addition to the other measurements. During the posi- 
tive pressure inspiratory phase, right auricular and right ventricular diastolic 
pressures increased, but less than the increase in pleural pressure. Right heart 
filling was thus decreased, which was interpreted as indicating that right heart 
output was also decreased. Left ventricular output, on the other hand, was con- 
sidered to be increased during positive pressure inspiration, due to the forcing 
of additional blood from lungs into the left heart. During expiration, net filling 
pressure in the right heart (diastolic right ventricular pressure minus pleural 
pressure) was increased, indicating increased cardiac output. Evidence for this 
interpretation was provided by the facts that the average net filling pressure in 
the right ventricle for the whole respiratory cycle was found to change propor- 
tionally to the changes in cardiac output, and that the greater the number of 
beats during the respiratory cycle, that occurred with low filling pressures, the 
greater the decrease in cardiac output. The suggestion was made that, when in- 
termittent positive pressure breathing is used for artificial respiration, the in- 
spiratory period should be short and the expiratory period long, to avoid de- 
creasing the cardiac output. 
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In one patient with heart failure, positive pressure breathing, producing de- 
creased filling pressure in the right ventricle, resulted in an increased cardiac 
output. 

A finding of special interest, outside the pressure breathing studies, was that 


in normal subjects breathing 10 per cent oxygen at normal or atmospheric pres- 


_ sure there occurred a definite rise in pulmonary artery pressures. 

Expiratory positive pressure breathing caused only small changes in blood 
pressures and cardiac output. In one case, continuous positive pressure breathing 
with a low mean mask pressure resulted in a reduced cardiac output and increase 
in arterial right ventricular and pulmonary artery pressures. 

Dickinson W. Ricwarps, Jr. 
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